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Discussion By Messrs. James OC, ‘Haven, J. 


Curr S. WALKER, E. H. Bowssa, L. J. Le Coxts, 
LINDSEY, Ir., W. K. ‘Harr AND D> 


“ The — features incident to the treatment of timber by 


i the creosoting process are the character and quantity of oil which —— _, 


t d. hi t ] th tit f il, a d is 
is 3 injectec ed. This paper treats only of the quantity of oil, an oS 


‘a “the extent to which creosote oil protects timber against both om - 
* 4 and the attack of sea worms. ‘The cost of t ‘the treatment i is measured — 
very closely by the quantity of the injection, the disproportionate 7 
labor ‘required for treatments being largely | offset by the in 
creased time required by the plant for high treatments. ‘The usual 
‘specification stipulates the required quantity 0 of injection in 


of pounds of oil per cubic foot of material. 


s Presented : at the’ meeting of December 20th, 1905, 
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| 1€ sap wood, and the impregnation of the sap wood appears to 


a 20 g INSPECTION OF THE CREOSOTIN 


m, , regardless « of the quantity of ‘oil which may be injected. 


. 


Heart wood is practically impervious to oil. Timber having 


niform treatment of all members necessary for the e maximum 
efficiency and durability of the completed structure. Creosoted 
= is poorly ‘adapted to ‘resist abrasive forces, as as the sap wood i _ 
and friable, and the heart wood readily splinters or 
The volume of the material il to be treated is the for 
ay the det determination of the ‘quantity of oil which shall be injected. 7 
The ve volume of dimension material can be obtained ‘readily - 
- accurately ; the volume of piling is computed after ' measuring the 
all Gamatone of the | tips and butts, and ‘the lengths, of | the vasions 
, and assumes ‘that the t taper. from butt to tip is s uniform. The 


; “actual measurement of each piece of material, ¢ and the calculation 4 

of the actual volumes, is a rather tedious and monotonous | task, and ds 4 

is frequently avoided by the attendant guessing the volume, or, as 


would say, he “estimates the volume, from h his experience.” ‘The 


are almost « certain: to in error, the result that a 
{ormity of "treatment is sacrificed. ‘that t piling 


ample, the ‘volume of a pile 8 80 ft. in length, chosen at random, ne 


it amounted to 62.7 ou. ft. when calculated | from cireumferential 
‘measurements made at the ends and three intermediate points, 


ing an excess: of nearly 6.3% in the actual volume, as compared with +). 


the theoretical volume be in 


ws The qua quantity y of water which i is mixed with the oil to be injected 


the creosoting works. The oil used i is 4% heavier 


water at a temperature of 100° fahr., and any water 


“may mined with the oil can only be removed with considerable 


difficulty. The oil, when delivered at the creosoting works from the 
refinery, is usually carefully analyzed preliminary to acceptance, 


ps 
= but, ‘afterward, the presence of water " appears to be of less concern, 
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and, unfortunately, | cannot be detected by either the casual -inspee- 
tion of the mixture before ene or of the eo treated | timber after 


injection. Th ions has found as much as 


of water in oil which it was roeed to use for his work, and i in inne 
’ instance there was 24% of water. It is not believed that water wes 
deliberately mixed with the oil, but its addition 
gradual and e natural result due to three principal causes, pone 
leakage in the steam coils used for keeping the oil liquid while 
storage, | leakage i in the heating coils i in the treating cylinders 
~- injection of oil, and the gathering of moisture from the loads - 
and from the treatment - cylinders by the surplus oil which is ad- aoe 
ry to the cylinders during treatment and is afterward returned — 
to storage. Dilution is a a feature which is not given sufficient care 
‘2 buperintendents, their ir excuse having been that they had been too 


_ Heat applied during. es treatment appears: to be the only fea feature re 


the maximum temperature oceurs during the initial or steaming 
process. The pressure of the steam applied ¢ determines the length > 

of the steaming process, also the « degree to which the succeeding 

vacuum extracts moisture and s: sap from the ead, and has a a direct 

? bearing upon the total period of treatment and the capacity of the 

7 d load to take oil. _ Results : at the Pensacola Ne avy Yard indicate that 

4 yellow pine piling which was ‘Subjected to a » steam pressure of 40 lb. 

was very ‘much more and friable than was ‘similar piling 


a ; 4 treated with the same quantity of oil, but which was steamed at : a 
The method whieh is practiced commercially for determining 
quantity of oil injected is very” crude and unreliable, and 
writer believes that it to give even approximate idea of f the 


or which would be « in an 
tank about 20 ‘ft in diameter. The he ordinary cylinder load a 


— 
— 
under treatment, and the maximum temperature should be the least 
Caiculations the volume Of Oll which a load will require, and reduce 


the | storage tank. tea delivery f from the storage ‘tank is hace 
by an index, controlled by a wire and d float, which ‘slides in gradu- oe 


ated vertical attached either to. the outside of tank or 


as the using a measuring tank of hori- 

zontal: eapacity; lack of accuracy, due to frictional resistances 
elasticity i in the movement of the tank gauge, and observed to repre- a 

a sent as much | as 10% of the total injection; no possible record of © 
losses | due to leaking pipes, valves, and cylinder heads, all of which 
; +4 losses. deduct from the required injection ; elimination of all check — 


4 on the honest and intelligent manipulation of the complicated pipe eo 
system, its numerous by- passes, during injection. 
Contracts for creosoted material are e founded upon the weight: of 
oil injected per cubic foot of timber, and the -ereosoting process» 
. _ should be conducted in such a way that the purchaser may know, ar 
~ 74 with reasonable a accuracy, the ‘weight of oil which i is given him, and — 
a the uniformity with which that weight is distributed in | the a 4 
i pieces of timber. If weight i is. the basis for contract, then weight is :, ; 
a q the logical basis for treatment and its inspection. Inspection upon 
a. a weight basis ‘requires 1 that three unit weights | be obtained : first, the | a 
_ weight of the green en timber; second, the weight of ‘the timber after = 
the vacuum process; and, third, the weight of “the treated timber, 
The difference between the first and second weights represents the 
weight of sap, moisture and volatile substances removed by the 
‘Steaming and vacuum processes; the difference between the second a 


4 and third weights i is the weight of oil injected . Iti is s impracticable 


to obtain the weights o: of entire cylinder loads, and this necessitates 
ail ., the selection of representative members from each load, which may > 


4 be taken i in such. number as may be agreed upon by both parties to 


- the contract; this: feature involves no material inaccuracy, as all 


ned in any one load should be similar in character and of ' prac: 


tically the same sectional ‘dimensions, to insure uniform 1 injection, > 
To obtain the weights after the Vacuum process would 1 require that 
the e cylinders be be opened, causing expense for lsbor, and reducing the 
productive capacity of the plant; to avoid these objections, the speci- 


tication s should stipulate a a weight to bet used 4 
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an injection which will measure approximately, depending upon the 
i 
— 
— 

— 
= 
— 
| 
— 
— 
| 
= 
. 

| 
| 
— 

4 
tz 
tz 
4 | 
— 
— 


| 


= 3¢ 0S MB. 
to represent the loss in weight of the timber | ‘resulting the 


_ Steaming ar and vacuum processes, and thereby el eliminate all hardship - 


and permit definite inspection. ve The loss i in weight from steaming 
oa and vacuum ‘treatment probably var varies from a minimum of 38% for 
low steam pressure and heart timber, to a maximum of 15% for 
high steaz steam pressure and light timber; a little experience will enable | 


the engineer to determine very 


be adopted for any particular treatment and timber. 
rom the results of ‘various pre practical tests, all of which were 
quite: consistent, the following is cited, to afford a | comparison of the 
quantity of injection, as determined | by the foregoing two methods: 3 
The load to be treated consisted c of yellow 5 pine piles, each 80 ft. in 
length, with ‘points n not less than 7 in. . in diameter, and was to re- 
ceive 20 Ib. of creosote oil per cubic foot. piling timber was of 
the species known locally as branch pine. It had been cut about 
one week before treatment, and had air- “seasoned for that period. 
Two one were > chosen, which believed to be typical of all 
; in length were cut from butt and — 


of t the piles and weighed the green weight of the second, 
or entire, pile w was also obtained; the two and the entire pile 
were then placed in the load to be treated. The calculated injection 7 


; 7 2 for the load was increased 6%, or 131 Ib. per cu. ft., to allow for the 


volume obtained upon the assumption that the piles taper ered uni- 
formly from butt to ‘tip; was ako increased 0.2 Ib. per cu. ft. to 

provide for ‘the increased content of when 


oil; ; and further increased q 0 Ib. pe per cu. ft, to provide for losses 


- through leaky valves, ete.; ; all the additions were unusual and special, — 


and made the treatment what would have been considered, commer- a 


cially, 29.4 Tb. per cu. ft. steam 40 Ib. was 


tained for 15 hou urs, then a vacuum of 
cylinder was opened and the butt md tip p pieces es removed 

determine the loss resulting from the steaming 


vacuum processes; the pieces were then replaced in the cylinder, 


the cylinder was closed, and the injection of oil was ‘begun. _ The 


oil: pump was worked under a a pressure which was gradually in = 


creased to 130 1 Ib., and ‘required 94 hours” to remove from the storage 


- difference between the actual v volume of the piles and the theoretic art 7 


closely the percenwize W SHOULG 
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INSPECTION OF THE CREOSOTING OF TIMBER. 
quantity of ‘oil which had been estimated as equivalent 
* 22.4 lb. p per cu. ft. of load. About 3 hours are ordinarily suf- 
ficient to make an injection, but more than 9 hours were required i in = 


— this case, and during the last hour an equivalent of only about +lb. 
‘a per cu. ft. of load was taken from the storage tank, indicating that 


the load wes esturated. — The records the two pieces and for the 


Pile. 


Diameter, large end..... 7.3 in. 

5.0 ft. 
1.38 cu. ft. 


“after vac uum 73. 2.8 ated. 
; 


9.8% 1% =| 11.0% estimated. 
Ib. 2.6 Ib 


68.5 


jection 


Injection per cubic foot. 


4 
_ The method by tank me measurements indicated an injection. of 29, + 


i. Ib. per cu. f ft., as compared with 13. 5 lb. per cu. ft. _ determined fro 


- The record of the “ereosoted piling driven for the support of 
harf at the Pensacola Navy Yard is of interest, as il ilustrating the 


“uncertainty of the protection n afforded by the creosoting 


against the attack of sea worms. The timber is of the southern 

yellow pine variety, and was treated at a plant located in West 7 4 
Pascagoula, Miss, under s a contract which required an injection 
of 20 lb. of creosote oil per cu. ft. The > piles w were driven during ~~ 


“February and 1902, in 26 it. of water, and were 


off about 4 ft. above mean low-tide level. _ Inspection of the piling 
made in J uly, 1905, showed that, out of a total of 198 support | and — eh 
_ fender piles, five were worm- -eaten, two of them 1 being so reduced in Pa 
section as to require their renewal. - One of the defective piles was 


icin off at the ground line, and the vn above the break was cut. 
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INSPECTION OF THE CREOSOTING OF TIMBER. 


‘if bea a sector of the pile of pee 90°, and extending the entire length of b ; 


a the } piece, which had been penetrated by the worms and from which — y 
the | wood was almost entirely removed. The heart wood was 
a eaten away to a degree varying quite uniformly from about 100% z 


‘ 


a 8 at the water line to 25% at the bottom, 26 ft. below. _ Above the a 
high-w -water line the pile v was s perfectly preserved, but the sector in 
the “wood above the ‘worm-eaten ‘portion was much lighter in 
color than the remainder of the s section, ‘and did not. appear to « con- 
tain much oil. oil. Diametrically | opposite to the large defective ) sector, 
oa and for 8 a length of about 5 ft. at about the middle of the } piece, was 


second defective sector of about 30° which was badly worm-eaten, 


the defective sectors rs. ‘The other four piles seemed to have defective — 


sectors, similar to those i in the first pile, one pile to an equal e extent; 


but i in the ¢ other three the defects were @ apparently just beginning to 


| 


Timber shall be subjected to preliminary 1 steam- = 


— 


ng and vacuum uum treatments, to obtain the removal of water and sap, 7 


and to open the pores of the wood, and shall then receive an in- 


7 2. Steam Pressure. .—The maximum steam pressure during the 
> 
steaming process, as recorded by a steam gauge, shall not exceed : : 


3 lb. each of which is to be per  cubie foot of 


as oil. Its ‘specific gravity ‘shall less than 04 at 
85° cent. t. Its shall ‘not contain more than 24% of water. It : shall 

yield nc not more than 10% by weight when distilled up to 210° cent. — - 
r Between 210° and 235° ’ cent., , the distillate by weight shall not be = - 4 
- than 25 nor more den 30%, and at least 30% by) weight shall not 
- a distill below 260° ° cent. A sample of oil for test shall be taken from 
the side and near ‘the middle of the treating cylinder after 


has begun the of oil. the analysis of 
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specincation is proposed, to govern the Creosoung 
1, Treatmen 4 4 
: 
a 
if 


OF TIM BER. 7 


oil, te thermometer bulb shall be kept about 4 in. a above the surface > 


in and practically ‘in sectio onal di 


oor" Injection. —The quantity of injection in each load which is 
treated shall be determined from the relative green and treated 


weights of one or more full- sized | pieces contained i in the load, and _ 


‘determined quantity shall be the difference between the treated 

2 weight an and the green weight after reducing the latter by two- thirds — 
1% for each pound « of injection required by contract per cubic 
7 foot of load; the number | of 1 pieces in excess of one shall be subject a 

the desire of the contractor. The quantity of injection will be 
satisfactory if it is within 5% of the quantity required by the con- 
tracts no deduction will be made in the contract price for shortage 

in injection within the 5% above allowed, and no additional compen- — 

sation will be allowed for injection in excess of the contract require-_ 

ment, , regardless of the amount of such excess. _ 


seasoning is preferable to artificial seasoning, but is usually 
impossible to obtain, because of limited ‘storage | space ‘and lack 


time. 7 If timber i is air- -seasoned, a corresponding reduction | 
me be made i in the permissible steam ‘Pressure and i in 1 the pereentage of 7 


“The percentage of water in the ‘ean 


readily be kept within the proposed limits by the exercise of reason 


jel The tests upon which the foregoing opinions are based were 

a necessarily limited in ‘number. 7 The quality and character of yellow — 

: pine varies between such wide limits, even in pieces" which are ap- 

parently the same, and which have been cut from adjoining stumps, 
that general conclusions can be safely formulated only after much 
research, » and the these notes should be given weight ; accordingly. Th The 
increasing necessity for prolonging the useful life of timber, coupled | 


with ‘the growing faith in the creosote process for attaining 


| 


__ _*The specification for the oil is taken from an article by E. H. Bowser, M. Am. Soe. 
C. E., on “ The Preservation of Timber with Antiseptics,’’ which appeared i 
of the of Societies, for April, 1905. 
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_ INSPECTION OF THE CREOSOTING OF TIMBER, 


method of treatment. This paper is submitted in the hope that the _ 
_ experience and observations of others may be brought fo 


result that future specifications may be prepared more intelligently 


rth, with the 


4 

d that th 

of creosoting plants may be modified, ‘to permit “ 

£ _ of more certain and definite inspection. 


SCUSSIO N. 

Seo 


on pt Pine piles, brace plank, 
stringers, ties and caps, which have been in use on the Ne New — 


‘and North-Eastern Railroad since 1883. 


_ The timber and piles were treated according to the ney 
in use at that time by the Pascagoula Works, the requisite being 4 7 


15 Ib. per cu. ft. The oil used was principally “London Oil.” ” The 
— were driven in brackish water, into which the - teredo | does not m) 


Round Piles and Poles.—The depth of the injection in round piles e 
poles is practically limited to the sap wood. The impregnation 
of the sap wood of round sticks from which the i inner layer of bark 
,* | not thoroughly peeled is often irregular and defective. After be- 
ing "subjected to the weather, this inner layer pe peels leaving 
whitish surfaces. Chips cut from these places are almost void of — 
= oil. % Even when a chip is put in one’s mouth hardly a taste of 
_ the oil is perceptible. Piles or poles should have this layer of un- 
formed sap wood thoroughly removed before treatment. 
When the heads of piles are cut to gr rade, an application of hot 
creosote oil and also asphalt thinned with oil should be applied to © 
the cut surface. The failures of piles on structures with which the 
- writer is familiar can be attributed to neglect to protect the heads | 
the in this way, and to the use of a 1-in. bearded 


Aw Timbers. —Observations | on timbers treated for ‘the Lake 
chartrain Trestle, in 1882 and 1883, show that several varieties of — 
pine timber are still sound and in perfect preservation. _ No brace 7” 
plank, whether sap surface or all heart from the center of the ) log, 
has decayed, and similar plank laid on the ground for 20 years is. a 
sound. In some instances the heart pieces showed but slight pene- 7 
am tration. The stringers on this trestle were 6 by 16 in. by 30 ft., and — < { 
- three stringers were packed under each rail. About 6300 pieces 
were used, and none has shown any decay, although | the quality of — 
the pine varied from the coarsest loblolly, with one sap surface, to 
the closest and best quality of long- leafed close- qrcined cmt pine, 
practically free from 
penetration of oil in these ‘different qualities of pine varied 


greatly. The and other coarse-grained stringers show that 
New Orleans and Horth-Ea "Eastern Railroad. 
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DISCUSSION ON OREOSOTING T 
timber of this quality absorbed a of oil, and the Mr. 
—close- grained yellow pine a much smaller percentage, probably more 
‘3 than 20 Ib. per cu. ft. for the coarse-grained, and less than 10 Ib. 
for the close-grained, pine. The caps used were 12 by 14 in. al 
14 ft.; the ties, 6 by 8 in. by 9 ft. The guard-rails were 5 by 8 in. 
md all were of the same varied qualities of ilies Timbers of ‘the 
same size were treated together. 
There were more failures in caps in timbers of any other 
rn size. This, in the writer’s opinion, was due to the size of the timbers | 
admitting of thorough seasoning, consequently, they “checked” 
ey a This. checking extended beyond the point to ‘which the 
PABLE 2 TRANSVERSE ‘Quer CREOSOTED PINE 
STRINGER, No. 1, FROM THE New ANS “AND. Nortu- 


Breadth = 6 in. Height = in. at center. Len ngth between 
ts = in. Maximum fiber distance =7 in. Moment of 
Riehlé- 


Time, about 1 1 30 1 min. 


Load, in | square - 
pounds. inch in 
outer 


Reading: | Total,in| Reading: | Total, in 
R. L. inches. ; L. inches. 


041 0.40] 0.290 Elastic limit. 
0. 49 0.48 4 tween supports, load 


: be 14 130 Ib. 
0.56 0.55 


28 500 Ib. 


Actual load, in "Deflection, in per square 
pounds inches. _| inch in outer fiber. 


| 

4 

| 

ima 

| 

| 

_ 

ate, 23 — 

|... Gant. hard rings to the inch. : 

— M of elasticity = 1 597 000 Ib. per sq. in., agen 


Cs The stringers were halved from a log in sawing, and all the 
oe were cut across on the heart face. This permitted more 


_ thorough seasoning and the penetration of the oil into the heart face. 


‘The ties were what are known as pole, halved and quartered ties. 


: pole ties having the heart core in the center also failed by — 
: checkin be ond the oint to which the oil had penetrated. : 


Breadth = 6 in. Height = 15} in. at center r. Length between | 

’ Maximum fiber distance = 7.75 in. . Moment of 
4 oueian’ 1 861. 9. Load applied in increments of 3 000 Ib. Riehlé 
a testing machine used. 1 hr. 30 min. Date, June 23d, 


Stress 


in | square 
— inch in Reading: | Total, in | Reading: | Total, in 


0.10 0.15 6rings to the inch. 
0:10 0:15| 0 
0.10 0.15; 
0.10 5 
| 0:10 
0.10 
10.10 0, 
| 0.10 0. limit be 
For 14 ft. distance be- 
as tween supports, load 
0.10 0.17 tage 


0.63 0.74| 0.56 | 0.12 0.17 . 
0.70 0.88} 0.64 | 0.14 0.20 


895. 


elastic 


Deflection, in | Stress per square 


Elastic 27.000 


496000 


odulus of eee = 1 698 000 Ib. per sq. in., at 27 000 Ib. load. 


Mr. Haygh Almost without evcention the cane ha he hear 
— 
— 
— 
— 
— 
| 
| 
=~ | 
ag 
5 
= 18.000. 0187 0.27 
94.000 0.45 0,885 § 
— 27000 708'| 0.51 0.57 | 0.415 
— 
— 
— 


| 


Load, in Pounds 


36 


1 
SS 


| 


a 

a i ugh 
— 
j 

te 
— 

| 
| 
¥ a || = 
| | | | | | 
— 


of more thorough seasoning and the oil, and, 
when placed in the structure with the “sap side” up, 1 there | were rend : 


> ae The halved or quartered guard- rails showed the same durability 
as the ties. The pieces with the heart core in the center failed. cai 
ve ot would seem from these observations that similar timbers, in 
which, the heart core is in the center, cannot be so thoroughly 
# seasoned as to prevent checking and internal decay, even when the — 
- ereosoted sap surfaces protect it, and that timbers halved and quar- 
tered permit of the proper seasoning, and, even where the quantity 


of oil absorbed is slight, are still till sound. 


No. 3, FROM THE New ORLEANS 
| 


“Height = 16 in. at center. Length be 
= 18: 2 Maximum fiber distance = | Sin. Moment of 
inertia = 2048. Load applied in increments of 3 000 Ib. 
testing machine used. Time, about 1 hr. 30 min. Date, June 24th, | 


Stress| DEFLECTION. 


inchin| Reading: | Total, in 


outer 
fiber. R. inches. 


hard rings to the inch. 


Elastic limit. _ 
For 14 ft. distance be- 
tween supports, load 
at elastic limit would — 


AO 
Actual load, in _ Deflection, in Stress per square . y 
‘pounds. inches. inch in outer fiber. 


Maximum... 


— Hau 
— 
q 
— 
A 
— 
— 
— 
— 
— 
- 
3000 |......../ 0.10 0.13 | 0.05 | 0.05 0.08 
0217 0.095 | 0:05 0.08) ™ 
0.21 0.81 | 0.145 | 0.05 0,08 
42000 122225252] 0.25 0:26 0,05 0.08 
— 15000 0.80 | | 0.05 | 
j........] 0.86 0.87}. 0.80 | 0.05 0.08) O 8 
+ 0.42 0.41 | 0.85 | 0.08; 0 
24 000 0.48 0.47 | 0.05 0.09 | 0,005 
27000 |........| 0.55 0.52] 0.47 | 0.08 0.10 | 0.085 
30000 |........| 0.61 0.59 | 0.585 | 0.08 0.10 | 0.025 
— 88.000 0.67 0.65 0,09 0.11 | 0,085 
Fn Modulus of elasticity = 1 405 000 Ib. per sq. in., at 210001b.load. 
: 


Possibly, boring a hole longitedinally of tim- Mr. Haugh, 
bers containing the heart core would allow better seasoning, prevent 
to some extent the checking of the surfaces, and admit of the pene- 
tration of the oil to the inner rings cut. This boring is now done, 
a number of saw-mills, in timbers 20 ft. long. 
ae Where the sizes of timbers required are such that proper season- 


is difficult, if not impracticable, b built-up —_ 


4 as practicable, but, in the case of round pine piles, the sap —_ 
varies from, say, 1 in. thick at the butt, in some piles, to 3 in. ~ 
_ thick in others, so that the quantity of oil each pile in a load will : 
oo - take vi varies greatly, and, if thoroughly seasoned and protected, both | 
are equally durable. The same remarks apply to square pine tim- 
‘ bers and in these the absorption also varies greatly. _ The presence — 
of water and the dilution of the fluid should receive | close. attention. _— 
_‘Mr. Stanford’s remarks as to the inspection of certain piles, in 
July, 1905—five piles being eaten by worms—leads the writer to 
attribute the failure of the oil bt penetrate certain sections to im- 
proper “peeling” of the piles. = 
proposed specifications, and the remarks as to air-sessoning, 
seem to cover the requirements, and the writer would add that if ia 
timber is cut from logs which have been floated in creeks or rivers - 
and have been | in the water for weeks or months and then air- a 
seasoned, the most desirable seasoning will be obtained. several 
_ The tests of three pieces of creosoted pine stringers, shiek: were | 
in use on the Lake Trestle from 1883 until taken out in 1905 for iv, 
‘test, are given in Tables 2, 3 and 4, and Fig. 1 is a diagram of these 
tests. piece, No. 1, was about the average for close- -grained 
4 yellow pine, having 22 alternate hard and soft grains per inch. The 
other two pieces are the coarse-grained pine. The penetration of f+ 
the oil in No. _ 1 was slight; Nos. 2 and 3 had taken the oil freely. - 
tests were made by Professor of Tulane Uni- 
ele CAMPBELL, Am. Soo. C. E. (by letter).—Mr. Stanford’s Mr. - Campbell 
, statement that the extent to which creosote oil preserves timber is = hy 
- measured by the quantity of oil and the depth of penetration, while | 
true to the point of saturation with a given grade of oil, should be 7 
qualified by the observation that the quality of the oil has peers as 
- much to do with the results ¢ as the quantity : and penetration. 
- Tn the prevailing grade | of oil used in the United States the 
creosote or preserving element constitutes not ‘more than 
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is of no benefit, and that a total indeation is neces- 
to secure the required quantity of real preserv: ative. ¢ 


a. If the oil was refined to a point where the preservative ‘and n non- 
"preservative elements were in a proportion inverse to that above — 
a given, as obtains in Europe, the life of treated timber would be a 
ae . prolonged very materially. The use of a better grade of creosote - 


opens a t promising field for improvement in the treatment 


The statement, that heart w wood is practically imperviows— 


bers, i in which the percentage of sap is very small. "Stringers b bare 


oil. As to the percentage and penetration of the preservative a 

ment in the oil, the writer is not able to say, but there is nothing - ; - 

indicate that it is all retained near the surface. : This —_-: is 
treated under contract by creosoting - works in Louisiana, 

_ The writer believes the prevailing method of earring the 

quantity of oil injected by the tank gauge to be the simplest and 

best. Leaky pipes and valves and inaccurate gauges are not a valid 
argument against the ‘method, but rather are favorable to it, 


pipes and valves can be and ‘should be maintained er —. 


weight, it is quite evident that several very material 

_ have to be made, the possible invalidity of which - may e explain the 

- inadmissible difference between 22.4 lb. per cu. ft. by tank measure 

and 13.5 Ib. per cu. ft. by estimated weight measure. 

Certainly, a -gystem of pipes and valves which will ‘permit 
escape and loss of 8.9 Ib. of oil out of a total of 22.4 Ib . ought to ms 

The writer is heartily in of air- vs. steam- seasoning when- 
7 _ ever practicable. - He finds that treated ties fail because of disin- a 
tegration 1 due to brittleness induced by the steam-cooking process of ; 
+e _ preparation for treatment. _ Treating plants, however, are generally q 
’ located in the timber belts, where the normal humidity is great and — d } 


the air-seasoning process quite slow, 


a4 El Paso, Tex., , the center of the arid Southwest, with its numer- St 7 


ous railway lines (several of them transcontinental), and direct 
competitive connection with vast, though distant, timber belts, would 
~ a be an ideal place for the air-seasoning process for timber treatment. 

| With a grade of oil containing, say, 75% of preservative element, 4 
thorough air-seasoning, and proper injection of a sufficient quantity 
ql creosote, sound timber, so treated, should lose very little of aa a 
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strength and elasticity, and be good under ordinary Mr. 


Ourr S. WaLKER Ese. | (by letter).— —The e author has the mr. Waiker. 
subject much thought and close investigation, and in the writer's = 
opinion is on the right line to attain the end to be desired by both — 

_ producer and consumer of creosoted material. Only by thorough 
injection can timber be preserved, and to a approximate that standard 

of excellence should be the aim of every manufacturer. Poorly — “ag 
treated material has in the past greatly retarded increased dunend —~t 
for preserved timber, and can but injure the future prospects of a A 

growing industry. system that tends to give the 

_ turer all the profit to which he is entitled, and at the same time » 

protects the consumer, is to be encouraged. The only i 
Fs. objection to the author’s proposed method is that the natural vari- 
ation j in density of timber might ¢ cause this method of ascertaining 7 
the price to be so risky that in many cases the margin of —, 
, which must be figured would make the cost prohibitive. 


To arrive | at a fair basis would require long and close ‘scientific — 


“night, should not be left to workmen whe lack | proper. ‘training, or 
even might be ignorant, lazy or malicious, 


a. ‘The writer differs slightly with the author on some points of his — 
proposed specification, principally with the idea of reducing the cost 
. of production. In practice, the writer has never found any advantage — 
7 in treating timber of uniform size and section at one time, and — c 7 
favors applying the higher temperatures, regardless of size of timber, 
with the intention of shortening the period | of treatment. Close 


 iadecaiilies as good results have been obtained with various oils a 
‘differing materially in specific gravity and fractional distillation; — 
and, as the demand for treated timber increases, every possible 
source of supply for heavy oil of coal-tar should be open. Se 
On the whole, though, the writer is so heartily in favor of the — abe | 
- author’ views and conclusions, that he would be highly gratified — 
could he find the time to experiment. thoroughly on 1 the lines a 
_ gested, using the plant of the Southern Creosoting Company in ~~ pr 
work, and thus view results obtained, not in the laboratory, but a. 
actual practice, under all conditions and with all classes of material. 
hie Such investigation and experimentation by one so familiar with 
the work and the conditions to which the finished product is to be r 
subjected prove of exceeding value. 


President, Southern Creosoting Ltd. 
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Mr. Bowser. 


 & H. Bowser, M. Am. Soc. C. E. (by letter).—This is a sind. 
needed paper, in that it touches upon pelents relating to the subject of 
 ereosoting, which, although they have been discussed for many — 
years, are little nearer solution than aie’ were when thie method oil 


their very nature, some of he details of timber 
‘sae can never be brought to any great degree of refinement, though the ; ‘ 
methods can be improved. 
It is well known that sap wood will receive very much more oil __ 
than heart wood; that loblolly and ol old field pine will receive 
= long-leaf gellow.4 pine; that in a long pile the small end will 
ce + _-- receive a greater proportion of oil than the large end, and that the 2 
+o more natural seasoning the material has had, the more rapidly seal 
. il will enter it, and the greater quantity it will hold. 
Ol g q y 
s Even n after a careful selection of the timber, the quantity of oil 
r per cubic foot injected into each piece will vary greatly, and only a 
general average treatment can be given, as it is impossible to deter- 
in advance just what material to select for each charge. 
proper inspection, the results of a treatment can be greatly 
‘i modified and brought much nearer what they should be than with 2 
a haphazard method of treating a load without regard to the = 
In considering the inaccurate methods cused at and the 
a ‘proposed change for determining the quantity of oil injected into” 
aie timber, all clearly presented in the paper, no very definite results 7 
; _ obtained from any long-continued and exhaustive experiments can =f 
; be given, on account of this part of the subject not having | een 
ai _A few experiments which show unexpected results, while they a are 
valuable in that they blaze the lines along which investigation — 
should be made, are not conclusive, and sometimes may | even be 


fe The writer will take up some of the causes of the discrepancies 


ee Calculating the Volume of the Material—In getting the cubic 
contents of piles, it is the rule to use the diameters of the large and — 

- gmall ends, measured to the nearest inch. It is not often that the 
measurement is made to the nearest half inch, and 
mediate measurements is almost unknown. 
my The taper of the southern pines is remarkably eae when 
proper allowance is made for what is known as “swell butts,” and in 
extra long piles, for the more rapid taper, near the point, on 2 
the small end having been cut above the branch line. 
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DISCUSSION ON ORBOSOTING TIMBER, 
- elose to de ground, in order to | get a sufficient diameter, or a longer Mr. Bowser. 
To prevent careless measurements of the large end of poles or 
piles, the Southern Bell Telephone Company, and some others, 
specify the circumferential measurement 3 ft. from the end. 
As the result of a number of measurements taken at different — 
ee and from piles cut in different localities in Mississippi and 
Louisiana, it has been found by the writer that the taper is — 
lose to an increase of 1 in. in . diameter, from the point toward the 
butt, for every 10 ft. of length. 
_ While the lack of refinement in measuring round timber is often — 
discussed, the errors resulting from taking the mill measurements _ 
for unsized sawn timber, in calculating the contents, is usually 
~ neglected—in fact, the writer has seen millions of feet of material 
al of this class treated, and not one stick was calculated by the actual — 


over 1 ft. was it poe taken into account; nor would he ~ 
4 recommend an exact measurement unless it was stipulated in the — - 
_ specifications, as the bid of the contractor making the treatment is 
based on the mill size of the section, and the judgment of the in- — 
spector is allowed to govern what would be excessive length. 
For most purposes for which rough sawn timber is used, the — 
aticks are cut to lengths and the ends oquered at the works before 
treatment, but such is not always the case. 
cr... All mills in the Central South set their gauges to saw from 3 to | 
 § in. full, and this fullness often a amounts to 4 in. and even | more. : 
Pins”. This i is done to allow for shrinkage after seasoning, irregularities —_—_ 
the alignment of the carriage track, and for the “ running” of the 
> saw. Freshly sawn timber will average at least 3 in. full, which s = 


a 12 by 12-in. stick means 4% more than the actual contents. In thin ' 
_ material, such as plank, the variation will average much more. — In 4 
length, the pieces are seldom cut less than 3 in. full at the mill, act 

and | are > often more than 6 in. then the rated 


section c or length, and, on n this | the variation between. 
actual and the calculated contents of a charge of sawn timber — 
ma makes the cubic content less than it should be. 


the: “give and take” method, to the nearest half inch, give /much 
_ ‘more accurate results than sawn timber taken at the size for which | 
mr Allowable Quantity of Water in the Oil.—The specifications is for 
as oil, quoted i in the paper, are, as far as the water is concerned, speci- 
_ fications by which oil should be cootin and it is the common custom 
to allow (28% of water, and no } mOme, in the oil from the manu- 
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Mr. but, in the writer’s judgment, a margin should allowed 
iw ss for water taken into the oil during the process of treatment at the i. 

works, : and at least 5% should be allowed, provided the 
quantity greater than 23% is compensated for by an extra injection 

a Many specifications allow a maximum of 8%, and this quantity — 
does not seem to be excessive, as the quantity of water would be 

= by deeper penetration or by putting the proper quantity of oil — 
in the same space that it would occupy if there were not more = 
— With present methods of manipulation, it is not practicable to 
c keep the water to a 23% limit at all times. Getting 1 water out of oil - 
is expensive, and rigid specifications would, no doubt, cause a cor- -_. 
responding increase in prices if the inspection for water was a 


purpose, emptying it into the measuring at the completion 

of the treatment. If there is a leak in the steam coils, this is easily — 

= and the set of coils in which it is found can be cut out 

_ of service and throttled at the end where the oil would pass out. 

_ The writer has no data at hand showing the elasticity of the oil, © 
a and can form no idea as to the reduction of the volume caused by 

pressure to. which it is but it probably does not amount 


In some specifications the sayment for the quantity of oil injected 

is based on the difference between the readings of the gauge before 
the oil is turned on the charge and after it is pumped back. into the — : 


- measuring tank. This eliminates any errors due to compression, the ma 
ss gozing out of the oil from the wood after the pressure is released, 
and very nearly all the loss of oil by waste, if the waste is properly — 


i. Such 1 provisions were ates in the specifications written by J. F. 


The Prevailing Method of Measuring the Quantity of Oil 
jected. —A number of the creosoting works shave measuring tanks 

20 ft. in diameter, but tanks proportioned to the sizes of the cylin- 
ders would give more uniform results. It has been the writer’s — 
experience that a well-constructed sliding gauge, kept in good con- 
x dition, can be read within less than 3 in., and a 6-in. treatment f from 
a 20-ft. tank ought n not to vary more than’ 3% either way. abt 
The heavier the treatment, ors the ets the cylinder and load, 
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7 ‘With | proper specifications and proper all the fore- 


— 


tank , 30 ft. deep, with a diameter great enough to give a Mr. Bowse 
nie of one and one- -quarter times that of the empty cylinder 
which it supplies, would be about the right proportion, and, with a 


+ : _ properly made sliding gauge, ought to give results within 1% of a 


-wefined measurement. 
rule’ would give, for a cylinder 6 ft. in diameter and 100 ft. 
Tong, a measuring tank 11 ft. in diameter; and, for a cylinder 9 ft. 
in diameter and 100 ft. long, a tank 16 ft. in diameter. APR ee 
_ _The accuracy of the sliding gauge will depend upon the size of 
horizontal section of the float, the frictional resistance in the 
- bearings | of the pulleys, the p pliability of the wire connecting the float _ 
_with the sliding pointer, and the proper balancing of the pointer so 
that the guides will not clamp on the gauge-board. sit 
The larger the float the less the distance it will be lifted out cacal 
_ the oil by the friction of the pulleys and the pointer guides. : 
_ The pulleys, of course, should be large enough in diameter in 
_ prevent the tendency of the wire to form a hook. A light, well- 


made. chain would give better results than a wire. 


to a gauge inside the cylinder shed has been observed to. make ~ 


variation in the reading of the gauge. 
‘The difference between the quantity of oil ieieatell’ into sawn tim- nf 


as as indicated by present methods of measurements, may often 


‘The he wind playing ona long wire running from a measuring tank 


to be oor 8.33 lb. per gal., the weight of the oil at 180° 
_ fahr., which is about the temperature e of the oil in the measuring _ 
tank, making a shortage of oil amounting to 4%; the difference in — 
the volume of the oil when in the measuring tank and when under 

pressure in the cylinder; the running out of some of the oil from 
the timber after the pressure is released; the fullness of the timber 
not being taken into account; and the loss by waste, which can be © 
kept very low if proper care is used. There can be considerable loss 
care i is not taken in analyzing for water. 
going discrepancies can be reduced to a very small percentage. “i 
Proposed Method, of Estimating the Quantity of Oil Injected, ; 
by Full-Sized Test Pieces——The most radical departure brought 
ward in Mr. Stanford’s paper is the proposed change in the method 
determining the quantity of oil injected. 


hal The quantity of oil which different pieces of timber will a _ 
_- varies greatly with the texture, the quantity of resin in the ducts, an 


the quantity of sap wood, the seasoning, the relation between 
ess and breadth, end the length. 
ness and brea h Fem, 
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heart wood that nothing further need be said. The variation 
7 7 in the quantity of oil that can be absorbed on account of = ; 
4 degrees of seasoning is very great. 
* In a 16- Ib. treatment, at one works, a load of branch pine a 1 


a toontanent in about one-third the time usually taken for ‘teailiie cut 
> timber. The inspector allowed three: piles, only a few days from 
the woods, to be put in with the seasoned piles, and, after treatment 
_ it was proved by boring that the latter piles were well treated to 
the center and the former were penetrated by the oil about 1 in. - " 
only, and that that space not very well saturated. ‘This, ‘ 
eh The writer has often observed. ‘that the oil can be injected into” 
Va "piles which have had only a week or two of seasoning much more 
rapidly than when the piles are put into the fresh from the 
stump, or are taken out of water storage. 
1 i Piles allowed to lie in the sun, on ground more or less we wet, wil 
not only show a different degree of seasoning on the upper and . 
_ lower sides, but, after creosoting, will show very plainly a difference - 


_ ment of the piles eaten by marine worms at the Pensacola Navy 
= _ These piles were from West Pascagoula, and nearly all were 
Pas = Fy - delivered at the works by water. In hauling them out, for sorting 
_ an order, while most of them were put on skids, some were — 


lie on the wet ground without occasional turning. 


The relation between the cross-section and the cubic contents sof 
timber gives large variation in the absorption. The absorptive 
_ power of a 12 by 12-in. stick, compared with a 1- in. plank, when the 
treatment w would give about 4 in. of penetration, would be as 16_— i 
— sticks of the same cross-section, the shorter ones will abeorb 
UE more, on account of the penetrating power of the oil being greater — 5 
_ in the ends of the fibers. In heavy treatments the oil will penetrate _ 
as much as 1 ft. into the end of heart wood if it is not very resinous, — 
and it will sometimes penetrate 5 or 6 ft. into the ends of sticks of — 


; = No matter how carefully a charge is inspected, it is only possible he 


to get an treatment. The writer doubts that human ability” 
 eylinder load which two or three or all pieces could be 
weighed before and after treatment so as to give a basis of measure-— 
— ment for oil which would not often vary | as much as 100% or more, a 
from the actual quantity in the timber. Future investigation may 
show whether or not is ‘correct 


of saturation. This, no doubt, was the cause of the irregular treat- 
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into 12% ‘additional was allowed for 
in the measuring system. On account of the short pieces having a 
much greater proportion of end wood exposed than the piles, 
result should have shown a greater quantity of oil than by the tank Fe 
"measurement, if the absorbing power of the ‘different piles was ap- 
_ proximately equal. The allowance for the inaccuracies of the a a 
uring system would seem to be very close to what it should have __ 
_ been, and, no doubt, very nearly the correct quantity of oil to treat E- : 
the timber properly passed from the measuring tank into the cylin- : 
but, according to the test pieces, 373% of the oil was missing. 
From the construction of the plant, the oil must have gone either 
into the wood or into the underground dumping tank 
point | to settled is—which? 


‘shin in this matter he ens ‘confined to operations on the 
_ Pacific Coast, where the modus operandi is quite different, in many 
: 4 respects ; but, nevertheless, so far as he is able to judge, the final 
results seem to be about the same as for the method reported by the | 
— In 1890, when creosoting works were fairly started ia California, _ 
a the writer was classed among the stalwart advocates of this process 7 oF 
ok of preserving timber. - He was untiring in his efforts to reduce the — 7 
uncertainties of the process to a minimum, and, with this end in | -_ 
view, studied carefully the minutest details of operations from the an 
very beginning» to the final taking out of the finished product. a 
After | the ‘most thorough research he is free to state that the very 
an creosoting works in the country, using the very best grade of oil - a 
and performing the operations in the most thorough and ‘eonscien- 
- manner cannot turn out a uniformly good product. That is a 
to say, the general output of the works, figuratively speaking, may bs 
be classified as follows, according to the degrees of imperfection ‘4 7 
—One-quarter will be found, on examination, to be first- 
class i in every particular, with no defects, 
Second. —One- "quarter will be slightly imiperteet, but would easily 
Third.—One-quarter will barely pass inspection. 2 
_Fourth,—One-quarter will not pass inspection at all, ana 
iv have to be put into the boiler for a second dose, or sold to some one — 
who i is not so particular. — ‘All four classes have had the same treat- 


x 
ment, administered by the same competent men and | at the 


= 


but one explanation for this unavoidable tate of affairs, and that 
: is, the naturel | variations in the physical character of the timber ; 
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‘Mr. Le Conte. nothing else will account for it. re It is extremely difficult to ~ out | 
r the inferior timber before preservation, and, as a rule, it is never i 
‘The natural variations | can be brought out most graphically by 


- taking» a ‘condemned pile, cutting it into 2-ft. lengths, and then J 


 eritically examining the sections made by the saw. Many years ago, — 
when the writer first looked at them, they threw a hopeless cloud of 
_ doubt about the efficiency of the entire process. — Long experience, — 
hdwever, has toned down these unavoidable difficulties very ma- 
so that now if a uniformly good job is demanded the timber 
be fresh cut green timber, free from physical defects, and 
-_ with the greatest possible care. Even then, physical defects a 
- will crop out in spite of every precaution. In the hurry of every-— 
ne day business, and especially when tl the superintendent of the works _ 
has a rush order, care in selection of material is simply out of the | 4 
question; at all events, such care is never taken, disappointment is 
to follow in a few months, and the creosoting plant i is a 
In preparing specifications, there i is just one thing to keep con- — 
a preter in mind, and that is, one cannot, by any ‘set of specifications, i 4 
Bei a better product than the creosoting plant is physically able nS 
to This is the business limit beyond which one cannot 4 


should be framed so as to the works 


California the treatment is quite different from that 


the author, and a brief statement may be of interest. 
timber | to be is loaded on heavy 


7 “The: foreman watches the filling | feeling the rise of 
% - hot line on the shell of the boiler until it is nearly full of hot oil. 
- Then he stops the vacuum pumps, closes the three bottom cocks and 
opens a 2-in. safety cock on top of the boiler. He then completes 
the filling of the boiler with an an 1 auxiliary fi force pump and watches e B. 
the filling until complete, by means of the safety cock. 
oe _ When the boiler is full, superheated steam is turned into the 
steam coils, in the lower half of the boilers, the temperature of the 
contents being raised from 130° to 220° fahr., and maintained at 
that temperature for a period of about 10 hours. The v vapors of sap 
and moisture from the timber are blown off through the safety cock | 
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vapors of naphthalene begin to blow off, and, condensing, fall like ~ 
snowflakes about the boiler room. Vaporization is finished. 
iliary pumps are started once more and the boiler entirely filled. 
All cocks of every description a are now. closed tight, and, for the 
first time since operations began, the pressure process begins. The = .; 
measured quantity of oil, previously calculated, is then forced in 


with force pumps, the time required depending upon the character = — 


1 these vapors are all driven off, the temperature 1 rises mee and =r i 


keep 1 up a ) a steady pressure of 150 Ib. per sq. in. on the rey and the 7 
coils below maintain a steady 200° 
fahr. When the measured quantity is forced in, t the process is 
The total time of from beginning to. end generally 
approximates 16 hours. The « depth of penetration and “quantity 

dead oil are the main features. On the Pacific Coast the specifica- 
/ tions generally call for 12 to 14 Ib. per cu. ft. _ The writer prefers — 


heavier doses; and, furthermore, that the penetration of the black oil 
shall not be less than 1 in. in depth. This requirement arises from 
- a. the fact that the oil, while being forced into the timber by pressure, — 
undergoes a mechanical separation, the lighter and more fluid tar- 
‘ - acide and naphthalene penetrate through the full depth of the sap 


a 


— them while the heavier portions, mostly the residuum, remain near 


the surface. It is the latter which, to his mind, constitutes, the main 


a > + _ The author refers to the danger of ‘tie . dilution of oil with — a 
19 to 24% of ‘water. This danger could hardly arise in the Cali- 


for 10 at or until all watery vapors disappear. 
_ This is the highest temperature to which the timber is subjected at — 7 
hee _ any time. _ The author’s suggestion that the weight of creosote due __ 
E a to impregnation is more reliable than the volumetric tank method 
in vogue would hardly be practicable in the California practice. ory 
The author’s experience at Pensacola, where only 5 piles out of 
198 were badly worm-eaten after 15 months’ exposure, seems to the “a “2 
writer to be a very fair second, indeed. ig: 
Joun B. Linpsey, Assoc. M. Am. Soc. C. E. (by letter) Mr. Lindsey. 
Stanford emphasizes the point of view that, contracts for the treat- a 


| ment of timber and piling being based on the weight of oil injected 
per cubic foot, the logical basis for inspection should be the weight — 
_ injected per cubic foot. It is extremely doubtful, however, whether 7 
ae any system short of actually weighing the entire cylinder load of a 
yg timber, both untreated and treated, would be considered favorably i, 7 

either by the of the treating plants or by those who use ; 
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treatment of sections of the same 2 pile, | and 
marked difference in the penetration on the same section. In most 
% eases the closer grain of the less penetrated section explained the . 
iy difference, but in some cases there was no no apparent cause to » explain — - 
<a The teredo-eaten pile at Pensacola, described by Mr. Stanford = 
ts with a defective 90° sector of sap wood, seems to be a practical — 
example of the uncertainty of securing uniform treatment along — “a 
the entire length of a pile” where the percentage of ‘sap wood to 
heart | wood i is much more constant at ev ery cross- -section than in the 
ease of a sawed stick, and where conditions as to steam pressure, — 
ay 4 degree of vacuum and oil pressure were identical 
7 How much greater, then, does the uncertainty of uniform treat- 
ment become when the treatment of individual s sticks is considered. — 
ta The stick with the ; greater proportion of sap to heart wood, and more 
. open grain, may receive a 20% greater injection than another stick - 7 
“4 Clause 4 of Mr. Stanford’s proposed | Specifications, to insure the a 
uniform size and structure of the pieces in each eylinder load, al- ‘a 
: _ though entirely approved by the writer, is a difficult one to carry © | 
out fully in actual practice. This difficulty is especially great 
i present, as there is such an unprecedented demand for a all classes — g 
‘The percentage of the total. weight to as becoming 
seasoned during the steaming ‘and vacuum periods would be an- | 
other vexing problem, difficult to determine equitably. The ques- 7 
tion as to whether 8% or 15% of the weight of | green sticks 
in a load would be seasoned would me mean a difference of about 4 Ib. 7 . 
in the treatment. Such a consideration, in a plant not operated 
conscientiously, would have a tendency to reduce the effectiveness _ 
of the steaming and vacuum periods, affecting economy of fuel and © 
a greater estimated injection of oil than actually made 


In the future the greater portion of creosoted material needed — 

will consist of cross-ties, telegraph and telephone poles and cross-— 
arms. Such standard-size stock will doubtless be, to a large ex- 

tent, air-seasoned before treatment. Operating air- -seasoned 
stock, the steaming period would be reduced to a brief interval for 
_ sterilizing the timber, or perhaps be entirely omitted. The ago 
ing percentage factor would then be reduced to a minimum, and > 
~ ticable to weigh each section of the load before and after treatment. i) 
with stock, say, not more than 50 ft. long it would be entirely prac- 7 : 


The iniection ould thus be determined by 1 the estimate of 
_ weight of oil injected i in the entire — toed. 
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- 0. Chanute, Past- President, Soe. 0. E, i valuable Mr. Lindsey. 
paper on “The Preservation of Railway Ties in Davee: gives the 
_ following interesting evidence of the care exercised by the German 


= “The most notable thing : in n Germany is the painstaking care 
— with which every operation is performed. The ties are not treated — 
until they are thoroughly seasoned, this generally takes six months 
to one year after cutting and piling i in open piles in the yards, — 
of which yards will hold one year’s supply. The chemicals are 
- tested constantly, a laboratory being attached to each plant, oh 
i buggy load of 32 ties is weighed before and after treatment, to make ; 


of creosote oil injected into timber and piling by n most of the timber- 

= ~ treating plants in the United States are much the same, and, in all — 1 § 
the plants of which the writer has personal knowledge, depend a 
the quantity of oil taken from a supply tank, as determined by al 7 - 
position of a float in the tank. This float is connected to a sliding 

= indicator on the scale board in such a way that the. — of oil in 

the tank is recorded in feet and tenths. —__ 


_ The readings of the gauge taken during the nceeieds of a a leod 
. Reading = Depth of oil in the supply | tank before any 0 oil 
is admitted to the treating cylinder ; 


B- MM henge = Depth of oil in the supply tank at the instant 


equals the content of the cylinder when empty, less. 

the volume of the timber load; 
Reading = = Depth of oil in the supply. tank 
ditional oil has been pumped into the “cylinder with 


oh pressure pump; the additional oil foreed into — 


oil is is returned to ‘the supply tank from the 


a The difference aii or B and C is the estimated quan- 
tity of oil the load is to receive. Lack of accuracy in the gauge a 
5 mechanism is very objectionable, and should be reduced to a mini- 

- mum; however, this defect is as likely to increase as to decrease "|. 22 


. i lack of refinement due to the use of a measuring tank of 
large horizontal capacity might be avoided by having a supply 
of —_ diameter, say, 6 ft., to measure more accurately the quan- 
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_ the cylinder is filled; the oil taken from the supply = 7 , 
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ale had been filled from the large supply tank; however, with | & 
Ss ae a - use of two supply tanks, it becomes more difficult to secure a 
= satisfactory check on the quantity of oil used can be ascer- 
The losses due to leaking pipes, valves and cy cylinder heads are 
= extremely small in a plant where a proper degree of attention is 
4 given to the equipment. The loss due to leaking valves is the only 
ene not readily observable, and close inspection a of the condition of 
the the valves should | be made at regular intervals, ee hg 
-_ i? a The quantity of oil absorbed by. timber during the time the 
—— evlinder is filling with oil may be considerable, with well-seasoned 
7 ns a stock, especially with such materials as paving blocks. After the oo! 
a) ae C-Reading is recorded , and the pressure on the oil cylinder is re- 
~ leased, preparatory to emptying the surplus oil from the cylinder, it. 
is uncertain whether the entire quantity of oil injected into the load i 
remains in the timber. To form a check on these probable in- 
accuracies, the D-Reading should be subtracted from the ie 
mating, to the actual quantity of a used. The differ- 


prov ided is no loss from leaking pipes, , or cylinder 
Underground supply tanks or tanks are objectionable 
“— unless they are in a cellar and permit the inspection of all tank 
Where a ‘plant is. equipped with an elevated supply | tank, the 
_ eylinder is usually filled with oil through a 10 or 12-in. pipe con- 
nection. The pipe from the tank to the pressure pump is usually § 
from 3 to 4 in. in diameter. By returning the oil, by compressed air, — a 
after treatment, to an elevated supply tank through a /10-in -in. connec- 
ees could be fully enmunined by the inapector during the course of ae 
the treatment. With such arrangements, an intelligent inspector, — 
_ after careful study of the equipment of the plant, should be able to 
i keep a reliable check on the conscientious and intelligent operation — 
of the treatment. This supervision would generally require day a) 


_ a changes i in the present methods which will cet creosot- 


It appears to be entirely practicable to inapestion of 
air-seasoned stock less than 50 ft. in length upon a weight basis; 
a however, in the treatment of green lumber, piling of any length, ‘and 
material more th than 50 ft. in n length, the tank of 
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a ini gauging the injection of oil, will probably r remain Mr. Lindney. 
in use. _ Effort should be made to abandon the use of underground — a 
dumping or supply tanks, and to simplify, as far as practicable, all - 
_ oil-pipe connections between these tanks and the treating cylinders. © 
The treatment which the material is to receive may be determined 
by the difference between the A and D- Readings of the gauge. - 
Quality of the Ou.—The presence of water in the oil should be 
_ earefully guarded against. None of the creosoting plants soni = 


o stills or the oil manufacturer’s proper equipment in order to free 
the oil from water entirely, and they have to depend largely = 
the settling method. consists in heating the mixture to, say, 


it be discharged through a connection in “the 
side of the tank. is kept circulating almost continuously 


time to t time, in order to o avoid ‘unnoticed leakage. i 

Oil received in barrels should be dumped p promptly to 

leakage. If the barrels are stored in the yard for some time con-_ 
siderable rain water will seep through the heads of the barrels. __ 


that no oil with more than of water be 


are reasonable, and should insure good work. 
Specifications as to the quality of the oil are at present bined 

Th 
largely on a distillation process. There is some difference of opinion 
as to whether it is advisable to allow a small percentage which will = 7 
boil below 210°, or to exclude this light oil entirely. There is much o 
_ difference of opinion as to whether it is desirable to have the dis- ae 
- tillate between 210 and 235° > cent., 20% or 40%, or an inter- | : 


a 
mediate percentage. “It is certainly desirable to determine, as 


ia 
nearly as practicable, the most effective quality of oil necessary > . 
Tr preserve timber. The specification will be modified generally, how- | 
ever, by commercial necessities. After the coal-tar manufacturer 
has extracted from his tar all the higher-priced products, the residue _ 
4 « or creosote oil is sold to the timber-treating plants. If the pur- — 
; chaser of creosoted lumber is informed that specifying a maximum , ° 


: distillate to 235° cent., of 25%, instead of 45%, will mean a 20% a 
- increase in the price of his treated timber, he is very apt to change sy 


his specification, feeling doubtful whether the increase in price i oe 
_ compensated for by the better quality of oil. The consulting en-— a0 
ginee of one of the of -creosoted timber in the 


— 

— 
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tank. It is of the utmost importance that these coils be tight, and 
any leaks which may occur be closed promptly. The heating 

: e coils in the storage tanks, through which it is necessary to circulate = © a at 
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bare DISCUSSION ON CREOSOTING TIMBER, 
United States _ealled for bids in December, 1904, to furnish the 
needed by his client during 1905, and specified that the 

a entire distillate, up to 235° cent., must not be greater than 30%, a 


7 7 quality of oil similar to that seepesed by Mr. Stanford. Before the 
- date of the letting of this contract the engineer advised all bidders 
- _ that he had found it necessary to revise his specification in order to 
4 avoid excessive cost to his client. _ The revised specification allowed 

a maximum distillate of 60% up to 235° cent. 

_ When the coal-tar manufacturer finds use for a portion of the 

_ present excess of oil boiling between 200 and 235°  cent., it will be- 
practicable, without excessive extra cost, to conform to the specifi- 

th determining the steam pressure and the length of the steam-— 

a ing period to be used in the treatment, the quantity of oil to be i in- 

jected, as well as the size of the material, should be considered. | 

According to the investigation of ‘Dr. Hermann von . Schrenk, of 
the United States Department of Forestry, the strength of creosoted 

Ph material is affected, not only by the heat used during treatment, le 

also to some extent by the oil injected. The experiments indicated — 

4 that an injection of creosote oil weakened the stick to the same 

extent as the impregnation of an equal quantity of water. > 
ae Mr. Stanford’s observation, that heart wood is practically i 

’ a pervious to oil, probably applies mainly to long-leaf yellow pine 
i piling, and particularly to the butt half of the pile, where the sap ring 

receives practically the entire impregnation. The writer has seen a 
- section, from 10 to 15 ft. from the top of a long- leaf pine pile, com- 

_ pletely saturated with oil. _ Where lumber is treated the impregna- 

tion in long- leaf heart pieces is generally from 4 to 14 in. _ Short- leaf — 

- open-grain pine is best adapted to receive a satisfactory impregna- 

tion, and pine of this class ‘should be secured for if 

= The writer has an 8 by 16-in. yellow pine stringer, ereosoted by = 

J. W. Putnam at the West Pascagoula Plant in 1877, which was 

completely impregnated with oil at a section 3 ft. from the end 

the stick. - This stringer stood service in the West Pascagoula — 

—— Bridge for more than 27 years. . Such impregnation, in long- — 

yellow pine heart material, is unusual, however. Putnam de- 


; scribes the treatment of this bridge material for the New Orleans — 
and Mobile Railroad in his letter to the Committee of this Society 
which, on June 24th, 1885, made a report on the preservation of 


would be interesting to know if the at which Mr. Stan 
ht = ford inspected the treatment of 80-ft. piling where such deficient x 
_  trentmenst was secured by the tank measurement method of in- | 

@4 jection, was equipped to secertain: the actual of 
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treatment by taking the difference between the A D- Mr. 


WE Harr, Assoc. M. Am. Soc. ©. E. (by letter) —The form of Mr. Hatt. 

an Mr. _ Lindsey’ s statement, that the investigations by the Forest aa mi 
~ Service, United States Department of ‘Agriculture, have shown that 4 

x an injection of creosote oil weakens a stick to the same extent as 


the impregnation of an equal quantity of water, is somewhat mis-— 


- Ley _ The presence of the creosote oil does not directly affect the ma-— 
terial of the cell walls. The oil appears to be present only in the © 
walls. After wood has been steamed, the fibers are saturated 


“4 


ERRATUM, 
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the cell, walls,” read “T “The appears to be present only in the cell 
openings, and not in the walls themselves. Ja a 
= 
timber; and this may not be a disadvantage. 
a The authority for the foregoing statements will be found in a 
_ circular by the writer, now in press, published by the Forest Service, 


entitled ‘Report on the Strength of Treated Ties.” 
sn H. R. Sraxrorp, M. Am. Soc. ©. E. (by letter) —In reply to the Mr 
\ question asked by Mr. Lindsey, it may be stated that, at the plant 4 
- alee the 80-ft. piling was treated, the equipment of the tanks and 
_ the piping connections made it possible to ascertain the quantity of 
oil which was used from the A and D- readings, but, because of the a 


‘number of tanks and the complicated piping system, it is believed 
that the observation would have had but little value. oe 
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Mr. sete: United States ealled for bids in December, 1904, to furnish ie 


material needed by his client during 1905, and specified that the 
‘entire distillate, up to 235° cent., must not be greater than 30%, a 
4 quality of oil similar to that proposed by N Mr. Stanford. Before the 
date of the letting c of this contract the engineer advised all bidders 
_ that he had found it necessary to revise his specification in order to 
avoid excessive cost to his client. The revised specification allowed 
a maximum distillate of 60% up to 235° cent. | ae iA 
a. When the coal-tar manufacturer finds use for a portion of the 
a present excess of oil boiling between 200 and 235 5° cent. .. it will be | 
practicable, without excessive extra cost, to conform to the specifi- “4 
cation proposed by Mr. Stanford. 
_ In determining the steam pressure nik ihe length of the prea 
“ ing period to be used in the treatment, the quantity of oil to be in- 
jected, as well as the size of the material, should be considered. 
lion to the investigation of Dr. Hermann von Schrenk, of — 
4 the United States Department of Forestry, the strength of creosoted - 
- material is affected, not only by the heat used during treatment, _— 
also to o some extent: by t the oil injected. The experiments indicated 


‘extent as the impregnation of an ‘equal quantity of water. 
Stanford’s observation, that heart wood is im- 
‘ pervious to oil, probably applies mainly to long- leaf yellow ‘pine 


receives practically the entire impregnation. The writer has seen = 
section, from 10 to 15 ft. from the top of a long-leaf pine pile, com- — 
a pletely saturated with oil. Where lumber is treated the impregna- 

tion in long-leaf heart pieces is generally from 4 to 14 in. Short- ee 
- open-grain pine is best adapted to receive a satisfactory impregna- 
"tion, and pine of this class should be secure red for treatment 


‘The writer has an 8 by 16-in. yellow pine stringer, ‘ereosoted by 
< Mr. J. W. Putnam at the West Pascagoula Plant in 1877, which was 
a completely impregnated with oil at a section 3 ft. from the end a. 

stick. stringer stood service in the 

_ Bridge for more than 27 years. Such impregnation, in long- a 
yellow pine heart material, is unusual, however. Mr. Putnam de- — 

‘scribes the treatment of this bridge material for the New Orleans — 
“4 and Mobile Railroad in his letter to the Committee of this Society — 

which, on June 24th, 1885, made a report on the preservation of 4 


It would ~ interesting to know if the plant, at which Mr. Stan 9 
ford inspected the treatment of 80-ft. piling where such deficient 
treatment was secured by the tank Teasurement method of in- 


—— 


— 
— 
— 
— 
— 
a 
— 
— 
— 
‘ | 
— 


‘openings, and not in the walls themselves.” me 


al 


= taking the difference 


W.K. Harr, , Assoc. M. Am. Soc. C. E. (by letter)—The form of Mr. Hatt. 
Me Lindsey’ s statement, that investigations by the Forest 
ice, | United States Department ‘of Agriculture, have shown that 
an injection of creosote oil weakens a stick to the same extent as_ 
the impregnation of an ie quantity of water, is somewhat mis- — 
The presence of the creosote oil does not. directly affect the ma- 
- terial of the cell walls. The oil appears to be present only i in the © 
 eell walls. After wood has been steamed, the fibers are saturated — 
; with water (the ties having gained weight during the steaming 
3 process), the resins, etc., leached out, and the structure of the wood ; 
in a condition such that the preserving fluid can be injected 
less difficulty than would be the « case in ‘unsteamed wood. 
The steamed wood is somewhat weaker than green wood. If the” 
steam pressure is sufficient, the temperature will be high enough to 


subsequent injection of creosote cell openings with 


the oil, but the « cell walls seem to be unaffected. That is, wood that — 
has been steamed and then creosoted is not weaker than wood that 


has been steamed; any weakening is due to the steam. The only 
effect of the creosote is to retard the subsequent seasoning of the 
_ timber; and this may not be a disadvantage. — are ~ 
_ _The authority for the foregoing statements will be found in a ; 
: circular by the writer, now in press, published by the Forest Service, = 
entitled “Report on the Strength of Treated Ties. 
R. Stanrorp, M. _ Am. Soc. O. “(by letter). —In 1 to the Mr. Sta 
question asked by Mr. Lindsey, it may be stated that, at the plant ew 
7 Ww here the 80-ft. piling was treated, the equipment of the tanks and a 
the piping connections made ‘it possible to ascertain the quantity of 
oil which was used from the . A and D-readings, but, because of the 
number of tanks and the complicated piping system, it is believed _ 


that the observation would have had but little value. 
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y CHARLES M. Am. Soc. E. 


Ja, AND Cuarues S. ‘Gowen. 
In a former papert the ‘sii at length the founda- 
ene and general plans and features o of the New Croton Dam. © 
Sinée then, extensive sieaosn have been made in the construction _ 
e result of the report of a Board of Ex- ei 
rt Engineers, and were ies e primarily to recommendations made by teal 
pew Chief Engineer, William R. Hill, M. Am. Soc. ©. E., to the — 


- effect that the secti ion of the dam at the south end, oink: was ¢ about 


ft in known as ‘the embankment Section, and p 


- 


This change was by tl the » Aqueduet 


April, 1902, and was the occasion of considerable discussion in “- 


engineering circles bead the time, and of some i 


latter especially, owing to the growing ‘consumption n water and 


Presented at the meeting of 18th, 1906. 


— 
DAM* 
tmz 
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tm 
= nterest also on the part 
the general public, as the questions of the increase in ex a 
of time in the completion of the dam were 
he completion of the dam were of importance, the 


the possible lack of an the thus | delayed 
in its completion, could be utilized, 
Iti is not the purpose se of the writer to dwell at length on the de- 
tails of the discussion above referred to, which involved the general a 
‘ ‘theory and practice in the construction of earthen dams. Neverthe- 


Tess, it seems advisable, i in view of the condition of certain parts of 


the attempt which has been mundo through these ‘developments to b 
(justify and confirm the reports of the Board of Experts and the 
Chief Engineer, | in the mind of the public and the profession, | also — 
‘in view of the general interest that has been | occasioned by these b 5 


changes, that the ms matter be 2 presented from another point of v view, — 
ae: placed before the Society in the light of different nt opinions oan F 
The wr writer was Resident Engineer in charge of the 
yo tt the } New Croton Dam from its ) inception to within a few ‘months, 
at which time the dam was 3 practically - completed, and, having re- 
signed his p position with the Aqueduct Commissioners, takes advan. an- 
tage of this opportunity to express himself upon a subject | which 
'? aad has been of interest, but concerning which, owing to his 
— he has not hitherto felt, at —e explain his views. oa 


on as 


anc r hi ion s Chief Sagan: of the ner 
Commissioners from 1808 to December, 1899, at which time 


advanced under his 


particularly those aa: to. the full masonry section and to the 
-core- end embankment section, were fully described in the © 
writer’s paper above referred to. This” paper is ‘illustrated with 
sections, “profiles” and v views, and the reader i is referred to it 
: _ Should he wish for further information regarding the dam than this 


present ‘Paper, referring as it t does to one particular subject, can 


The discussions following the of the Board of Experts, 
in which the Board recommended the substitution of the > masonry 


section for the ‘core- -wall section, 1 were fully reported i in the engineer 
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the various parts of this structure, the progress of construction — 
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ing press at the ) time, and the questions of of th ights 0 of core- -wall a 
and the funetions and actions s of core- -walls a1 ‘and embankments 
were given in di detail. ‘In May, 1902, the work of tearing out ut the old . 
A section was started, ona in March, 11 1903, had reached ‘the base of the 
core-wall section in question, where it was found at | one point that 


4 the ‘rock: foundation | was a character to give tise, in 


a whether an 1 error, either of judgment or neglect, had not been made 
in building the w wall on it in the » beginning. Mr. Hill has described — 


these ‘eonditions as he found them, and has dwelt upon disastrous 


ompletion of 


4 the American Water- Works Association in 1905. ‘The v writer 
q not agree with these eonchosions, and takes this occasion to review 


The following i is a deseripton of 00 some of the 


_ Fig. 1 is a a plan ¢ showing i 


5 and core-wall lying between the south end of the masonry dam ie 
“a its wing-wall and Gate-H House No. 1, which section was partly fin- eA q 


7 


i. is ished ond later taken « “out t and replaced by the ‘extension o of the 

¢ of 4 Fig. 2 shows | the profile of t this part of the dam, with the original i: 


ground surface, the original “rock surface, the rock surface QS 


cavated for the -core-wall foundation, the location of the dike of 


- questionable limestone, the line of t the top of 1 the embankment — 
generally planned, ete. Fig. 2 also shows the cross-section of the 
4 embankment at the point i in “ie and, in ‘section, the > refilling, | 

‘the m 


age of water under o1 or : through the ¢ core- e-wall : at the point in n question 

This line of least resistance is located to accord with the defi- 
oti nition given in the report of the Board of Experts, before seherel 
is shown on the plan by the lines, / A, 0, D, 
_ Plate I shows the foundation masonry of the m 


for 
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to § Station | 1 + 95, a distance of about 65 ft. 


the e engineer’ 8 direction to to receive the ec core- pe-wall bene, ant no no question 


was 


a f 


¢ 


was prepared under 


q 


2D 


\ 


sunk in the rock, , varying in in depth at different points 


t. The floor t thus formed was duly inspected, tested for bearing = 


qualities, and then built upon. This floor, as ‘shown at the time, = 
compact granular limestone, shaped with a ‘pick w with some difficulty, — 


CHANGES AT THE NEW CROTON DAM. 
me. - if he F oundation.—As shown on the plan and on the profile, the a es 
seam or dike of questionable limestone extended from Station 1 + 30 ig 
7 
from 4 to_ 
if 


= 


QHANGES AT THE NEW W CROTON DA M. 


carry 


it did originally. was if not wholly, due to om 
whol long exposure to which ‘it was subjected during the progress of the 


excavation necessary to ‘its removal, to weather, water, and the use 


_ of blasting powder . This resulted in relieving a compact compressed > 
Va 
granular rock of its binding qualities, and rendered it more liable 


to the wear and disintegrating influence of the surface water. a The << 


ing, « or deterioration, of this ‘bottom since the 
opened originally, but there does not seem to have been adequate — a 


3 
ground for ‘such conclusions. In its characteristies the dike was” 


‘similar to, but more extensive than,o other dikes found at various 3 points — a 
papers the line of : the f foundations of the core- wall and the the main ndam, 
from south of the location a of Gate- House No. z to Station 7+ 50 
on ‘the main dam. The rock ¢ at all these po ‘points, if of sufficient | 


bearing power, was assumed to be suitable to build upon, ‘in view” 


a of the amount of embankment and refilling which | it was planned to 


"sa place on the up-stream side to seal the rock bottom, both along the : 
main dam and the core- -wall, from the water ‘Pressure on the up- 


stream side; and the dam as. originally built has been allowed 
stand it, features of the limestone as 
it does the base e for n most of the 1 masonry section of the main dam 


considerable portion of the main dam had been 
There is in this report no suggestion of any gradual de- 


terioration of the limestone rock under any influences to which it —s 
might be subjected after the construction of the dam; on the con- 


trary, the general tenor of the report is against such a theory, nor 
has the writer learned that later, in any report made by dl 


mer For a view showing this trench the reader is referred to Fig. 1, Plate XXXVII, Vol. a 


amply hard and solid to perform its duty, which was 

section of the core-wall above it.* 

a 

' 
| 
— 
— 
— — 
q 
| 
and al the Core-Wall section, Were made, at the instance or Mr. 
— Fteley, the subject of special investigation and report on the 
— 4 
a 
— 
4 
— 
— 
me - ne = it should be said that the whole question of building the 
a : dam on this limestone bottom was fully investigated and considered D 
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as his reports upon the choice of location of the ion ‘struc: 


ture. e. The vai various is features of this limestone rock were ee 
understood, and 1 the location | of the south end of t the main dam a1 and 

‘ the extent of the core-wall section were determined after a thorough 

— study y of | the bottom and its overlying strata of ‘gravel and hardpan, 
The mass of hardpan covering the southern slope of the valley and 


extending to the bed- rock from the end of the m main dam was a con- con- 


dam at this point, as ‘the hardpan n furnished a an an opportunity y for the 
construction of an embankment section and for the exercise of 
proper economy in the design of the structure. 


Core-Wall and Embankment.—At the of this dike 
he profile and section, Fig. 2, was carried 


Cin 


the core-wall, as shown on the profi 


iii to a height of shout 75 ft. above the base and to within 35 ft. of 
“a its completed height. = was built i in a narrow vertical trench, mo oe 


— an 60 ft. in t. in depth, excavated in hardpan so hard that powder w was 

used to get it out, and surmounted by 3 a sloped t trench reaching 1 up 2% 

— from 25 to 30 ft. to the original surface of the ground which, at this 

po oint, is only about 20 ft. below ordinary high-water mark in ‘the 

~ basin. _ Thus, at this point, a trench 80 ft. deep had been dug i in the 


ground to found a core-wall for an embankment to retain 20 ft. of 


ie This core-wall stood for several y years, showing no signs ms of settle- 


i 


a 


i ment, nor r did ¢ a most careful examination of the wall and its founda- 


top of the wall at various points along its length, and not yarns a . 
to the short stretch covered by the dike i in question, some temperature 4 ; 
cracks had shown a above the line of the refilling, and it was so evident | 

ai that they were due to changes of temperature and, possibly, to some q 
extent, to: shrinkage ¢ of the setting mortar, that they were not given is 


serious consideration until Mr. Hill’s attention was ‘called | to them, 


and by | him they were considered so serious that his first report ond : 
recommendation ‘that the core- -wall be removed were very largely Wr. 


kal Its should not bel lost sight of that this hardpan, forming t! the sides 
3 of the core-wall trench, extended to the rock, and was so cael “a 


— 

— 
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oOlling consideration in his acquiescence in the construc 
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the south end of the main cm excavation as orig- 
-inally planned and | excavated, 100 ft. high and having slopes of 4 _ 
horizontal tol vertical, ‘stood for several years: without change in 
- slope, except that due to sealing 0 off i in frosty ‘weather, caused by the a 
alternate freezing and thawing of its surface as it - became water- - 
soaked. This hardpan in its undisturbed condition is s practically 
L _ impervious to water, and surfaces which have been en exposed to im-_ 
q pounded w water in the basin for 5 months of the present season stand oo 
solidly: and without t sign of change at at a at least as steep 
Big. 2 , Plate XXXVII, Vol. Transactions, Am. Soc. — 
ry C. E. Bs rete ows this hardpan | at the point at t which the trench for the 7 
_ core- -wall was later ¢ cut into the face of the slope v which, at this point, 7 
a above e stated, was was 4 horizontal to 1 vertical. _ At the bottom : may 
seen short: of the ) core-we -wall g the main dam 
a ‘ masonry, ‘which how in the lower right corner, with the stretch to 
be laid in the trench when the cutting has been made, This slope 
extends, as shown, » along the south | end of the main dam and curves . 
ee the corners of the base, se, forming a vast pocket i in the hillside | 
as into which the n main dam section was carried to a horizontal depth 
of more than 200 ft. in the hardpan. ‘ Plate I is another a 
more extensive view of the hardpan slopes, and shows more clearly 
_ the horizontal depth to which the | excavation had been carried into ‘ 
the hillside, os well as the vertical extent of. the hardpan. 7 This 
hardpan was a mixture of very fine sand wi with a small “quantity 
clayey material and boulders. 
Fig. 2 shows a cross-section of the dam, ‘ool to its line, a at the 
4 point of questionable foundation, and the | excessive depth to which : 


the core-wall was sunk in the hardpan at this point, at which the — \: 
water er above the ‘restored | surface would: be about 20 ft. in depth, ‘he 
would s seem to 1 to be evident. t. In fact, it would seem that no practical 
consideration would warrant carrying the core- -wall, at this point, 

‘more than a moderate distance into the hardpan.» 
Fig. 2 also shows a developed section at this point in the -core- 

& wall foundation ta taken along the so- -called line of least ‘resistance, 

4 as shown by the letters, A, B, C, D, E, on Fig. 1. On this section the s 
bottom water level on the up- “stream side is shown at Elevation 75, and 


bottom land level 0 on the down- at Elevation 7 70. The 
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core-w: all foundation i is shown at Elevation 90 in the Aik o granu- 


dar limestone, and on either side of it is shown the extensive bank a 
ors wall of hardpan ‘through or ‘under which water would have to pa pass 


ee before reaching the wall. This This is in addition ‘to the very extensive 


and carefully made embankment and refill shown on the up- p-stream 
face « above and below Elevation 75. On thé lower side is shown the 7 
equally extensive refill extending to Elevation 70. The slope of this 
bank, on. the up- -stream side, is about + to down-stream ab about 
to The thickness of the bank at ordinary high~ water eleva- 

j is about 200 10 ft. and the thickness | of the core- -wall at Beaton 
if the hardpan be taken into account and included, is about 7 


— 


It is s difficult to understand, in view of the exhibit as above made, 
"=4 a how any contention can n be susta ained that the granular or so ft, or 


(ev en edmitting it) the deteriorating qualities of the seam at Station 
+ 88, ‘could have ar any y effect u upon the stability of the em- 


bankment core-wall at this point. 
~The conditions of the r rock base at this were the 


game as. at other points" ‘previously mentioned, ‘under the core-wall 


and masonry dam, where the dam was allowed to stand a ' 
built, and the protection to these p: points from the up-stream refill in | 


the case of the main dam, and from the refill ‘and hardpan trench — 
along the core- -wall, is certainly no greater t than would | have been ef 


; afforded in the case of the dike in | question. It has thus happened 
one seam has been dug out, though only partially, while, 
‘through force of circumstances, other seams no better protected 

have been allowed to remain. . This seam was excavated to a depth on - 
of about 40 ft. below the: first excavation for the foundation of the i 
extended section of the main dam, and an adequate bottom for the 

vas obtained. . This bottom is still of granular limestone, 

which, however, has diminished in width at the level 

a The core-wall at this point would have been about 100 ft. in 

height had it been completed, and it would have been within the 

limits of good practice had the wall ‘not. been carried to 

rock, The core-wall was planned to be built along and 1 up 
slope on in order that i it might | be said that i in this struc 
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‘that the ‘foundation of this 1 wall should be placed on Fook, 
ly adequate. 
the hardpan would I have been entire y q <4 
In n illustration of the above may be cited the Titicus 
the. core-wall is built on the hardpan for a height of more than 7 
ft. i in | the north embankment ; 3 and i in the south embankment 


it begins to dip below - the horizontal and is built on hardpan for 


_ tome distance until it reaches the limestone again as the latter rises oa 


At Carmel Dam the core-wall the Tock at a point it 


is 75 ft. high, on hardpan, om, ond at a short ‘distance away the 2 wall, 
50 ft. high, is based on compact sand and fine gravel. 
4 At Bog Brook the core- -wall, about 70 ft. high, i is built on a 


mt Kensico Dam the core-wall is 64 ft. high, and rests on a hard- 
i 


‘Fig. 8 shows the core- walls at Titicus, Carmel, Bog Brook, and 


of Carmel ice the core-wall leaves the roc man ata a point where a, 


rock begins to dip, ‘near the junction of the wall with the dam sec- 
and | practice has not ot been uncommon in other « cases 


placed, when “founded upon a stratum suficiently im- 
; r pervious and of sufficient extent to stop percolation. Numerous 
can cited of core- -wall dams v varying» in effective height 
walls based on earth or or rock, in successful and 
2s is a matter of common knowledge to those interested that there is 
nor record extant of the failure of an earthen dam with a ‘core-wall ws 
me due to filtration through or under the wall and the consequent m« move-— 
of the down- -stream bank. Failures have been due e invariably 
to overtopping, to leakage along the ime of some improperly ‘placed 
_ pipe or sluiceway, or to the retention m of water by the material of the 


_ Among the high core- re-wall dams above r referred to are the : follow- 
~The Druid Lake Dam, of the Balti imore 
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f: oh as an effective height of 95 ft., with a puddle « core-wall on a rock a r 


bottom 118 ft. below the top of the dam; the San Leandro Dam, near 


core-wall based on an earth bottom; the Tabeaud Dam, near J ack- 


Oakland, California, with an effective height ¢ of 121 ft. ond a puddle 4 


son, ‘California, 123 f ‘ft. in height, with an | effective height o of 115 ft.; 3 a q 


its core-wall being a puddle- wall on rock carried only up 
4 through the dam. The Temescal Dam, als 30 i i 
95 to 100 ft. in effective height, and nen . core- -wall based on perth. =| 
There are many dams of great age in India, where for many 
4 "years they have been used for ‘irrigation | ‘purposes. One of these 
_ dams | is 95 ft. in height, is built of clayey material, and, so far as 


In the foregoing statements the effective height i is defined as 


> the level of the 1 point of intersection of the down-stream slope and 


‘To the c contention that flowage is especially likely to occur ir along | 


te face of the core-wall, between it and the embankment, it may be | 


plane of the valley bottom. q 


aid that experience does not justify such a conclusion, and the case 


the ‘Titicus Dam may be cited in n illustration, The 


sults, aa where the core-wall Teaves the sock oa Fig. 3), at a ‘point 


about 300 ft. distant from the junction n of the e embankment ¢ cone and i 


For. several ‘years ‘ater the completion of ‘this dam there was a 
"gradual settlement of the : up- p-stream bank, which amounted to 18 in. = 
4 along this face, and the conditions would seem to have been especially — 


fav orable to develop a flow long | the wall. ‘There was, of course, a 
gradual compacting of the bank due to the se settlement, but the Board 
of Experts, i in their investigation, : found no trace of ‘seepage or flow oe 
in the « down- stream bank or ‘through the core-wall, and there does 


not seem to be any ground for the assumption that a flow 


remembered, static pressure due to. weight « of 
saturated bank and normal to the assumed line of 


| This: point is further illustrated in the case of the main dam 


a difference between the level of the water at high- water “mark and : 
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section at the New Croton Dam, where the refill 0 ont the stream 
pide stands from 100» to 140 ft. below high-w: water mark; and it is 
7 upon this fill that dependence is placed to stop flow through the ¢ 
limestone which forms the base of the dam | below. 


contention that the foundation of ‘the core- was 
‘nor can he, as as he. reviews the ¢ arguments | on on the ¢ general question of 7 
we the substitution of the masonry section for the core- wall section, 
 eoncede that the ‘Points were well taken. It would seem that the 
to the r reports, ‘made by Messrs. and Craven in the 
engineering press, covered completely and fully all the points ad- 
a... vanced, and disposed of the conclusions effectively, and that nothing 
am need be said beyond this: ‘That the City of New York has _ 
expended” unnecessarily nearly 000 000° and has failed to utilize 
fe at least two years of valuable time durin, which these changes at the 
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R. Hin, AM. Soc. -E—The proper plan 


ticular structure. In the main, these conditions are: the character Eas 
the natural foundation, and the of the earth available 


construction ‘must be fixed. ‘determine these ques- 


as “the ‘eicioney of a reservoir is not “subject to com- 
putation; hence, it is not unreasonable to expect that cae 
opinions will arise as to the efficiency of a plan of a reservoir em- — 
- Although this paper is entitled “Changes at the New 7 Croton — a 
Dam,” it treats of only one of the several changes that were made Bose: 
the plan. To describe the structure briefly, it is composed of three ~ 
distinct features, the spillway at the north end, the main stone dam, 
and the embankment wit a core-wall south end. These, 


» and 


Bi made on September 16th, 1896, during the progress of the work. It = 
me consisted in extending the main stone dam a further distance of 
110 ft., in substitution of the embankment and core-wall. 
7 x change was at once received with favor, and was carried out in the ibe a 
construction without any discussion whatsoever. It was of exactly 
a the same nature and made for the same “purpose ss the change fs 
under consideration; that is, the main stone dam was extended im 
in each ease, with the sole object of reducing the height of the em- __ 
_ bankment and core-wall; and yet, while the first change materially — 7 
"increased the cost and delayed the completion of the work, it was 
not as effective as the change under consideration, as it resulted in 
5 q reducing the height of the core-wall only 30 ft., still leaving it with © 
unprecedented height of 200 ft 
he - On January 1st, 1900, when the speaker assumed the responsi- 
for this week, the foundation of the stone dam had been 


— 
Hil. = 

many conflicting opinions. The formulation of such a plan de~ 

— 

a question of the necessity of a core-wall arises, and, if it is required, a — 
its character and dimensions must be determined. Then, as to the 

experience and study of similar structures throughout the a 

— 

— 
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568 ft., respectively, making the total length of the structure 2 1 7 — 

Had the dam been built according to the original plan, the core-wall a 
the ijunetion with the main atone dam would have had heicht 
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Mr. ‘Hin. pleted to the surface of the and the core- — was 
- excepting the stretch under consideration, which lacked about 60 ft. 
In the spring of 1901, the speaker's attention was called to five | 
alg cracks in the core-wall, all within a distance of of 100 ‘ft. Re 


dating: to to these, Mr. Gowen’s paper states: 


“Ts was so evident that they were due to changes of temperature 
and, ‘possibly, to some extent, to shrinkage of the setting mortar, 
- that they were not given serious consideration until Mr. Hill’s at- 
tention was called to them, and by him they were considered 0 a 
serious that his first report ‘and recommendation that the core- 


be removed were very largely based upon them.” 
: a reply to this, the speaker would state that he cannot concur | 


in the opinion that the cracks were due to changes in temperature, — 


ag as he could not expect contraction cracks to occur so closely together 

as five within a distance of 100 ft.; neither could he believe that they 
were caused by the shrinkage of the setting mortar, as such cracks 

: a could not extend through the wall, as they did in this case. But — 

det the cause of the cracks be what it may, the cracks themselves * 
to a closer study. of the: plan, which study brought to light the really 
- objectionable features, as shown by his report to the Aqueduct Com- 
- missioners, dated May 15th, 1901, wherein he reported that the 
 eore-wall was cracked, pointed out the objectionable features, and 
recommended that they appoint a committee of engineers to pass 
- upon the adequacy of the plan. The following is quoted from that 
Ben though there were no cracks, I consider that it would be 
unwise to complete the structure under the present plan, al I ee 


sider it would be an 1 experiment.’ 


Henee, the recommendation to remove the core-wall was 


that the glen wes The paragraph of that 


“T make this after carefully studying the situ- 
te ation and plan, and I know that I am absolutely right, but, still I : 
a feel that it is due to you, as well as to myself, that we should be 
- fortified by the opinion of three prominent engineers in this most 


important matter, and I - respectfully ask you to = the necessary — 


Commissioners, after to this 
and appointed a committee of expert engineers, consisting of Messrs. 

Croes, Past-President, Am. Soc. ©. E.; Edwin F. Smith, 
Am. Soc. C. E., Chief Engineer of the Schuylkill Navigation 
Elnathan Sweet, Am. Soc. C. former ‘En- 
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gineer of the State of. Rex York. The comanitees, after Mr. ill 
an investigation, reported unanimously recommending the removal 

ee of the core-wall and the extension of the stone dam. = 3 
The general public will no doubt feel that great weight has been 
added to these conclusions by. the concurrence of the eminent en- 
-— William H. Burr, M. Am. ae C. E., occupying the Chair of 


= Mayor Low to investigate report On April 
: 1902, the Aqueduct Commissioners resolved to remove the embank- 


an —_ and core-wall and to continue the main stone dam. 
_ Mr. Gowen’s paper contains two general qoatentions ; one, that — 


natural foundation of the core-wall was safe. 
_ To take up the first contention, that is, of the adequacy of the 
— ‘plen. _ This paramount question is treated in a brief manner, and 
- without giving a clear description of the part of the plan under 
» @ consideration. The only cross-section accompanying the paper <a 
_ one of the embankment a and core-wall at a point about 170 ft. — 
the end of the stone dam. In reference to this point, it states that — 
the original ground is only 20 ft. below ordinary high-water mark, ™ 
: = and that the core-wall, 110 ft. high, was built in a trench 80 ft. deep. be 
a _ The paper contains what he designates as a developed section, — 
* a and this also passes through the core-wall at the same point, that is, B 
_ about 170 ft. from the end of the stone dam, and, after passing 
; 7 through the core-wall, the section then follows on the so-called line ~ 
of least resistance to the pressure and passage of water under or 
through the core-wall. This line is not a straight line at right 
angles + to the structure, for it makes an abrupt angle on each side 
= of the wall, both deflecting ‘northerly; in fact, the up-stream line 
follows the top of the embankment to its end, and these two fines 
_ on opposite sides of the wall diverge from each other at an angle ae a 


“The of the at ordinary high- water — is 
about 200 ft. and the thickness of the core-wall given at Elevation _ 


“Here, it t might be interesting to note on a true cross- 
_ the b bank was te to be 30 ft. thick at the top, while t the wall at the eleva- 


the developed section, the dloge of the embankment on the up- 
_ stream side i is about 4 to1. This i is a mistake, as both the contract 
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Mr. Hil. bid ‘dmaiions the paper is a plan showing in outline the section 


of embankment and core-wall between the end of the dam and the 
gate-house, a distance of about 275 ft., and a profile of the same 
showing the original ground and rock surface and the rock surface 
as as excavated for the core-wall foundation. 
Only two reasons are given to support the contention that the 
plan was adequate: _ One is a reference to a mass of hardpan cover- 
fing the southern slope of the valley; the other | is a denial of a 
_ ‘statement: that flowage of water is likely to occur along the face of | 
the core-wall. _ What might be termed another reason is a citation 
of several rn that have been successfully built to heights ranging — 
from 100 to 120 ft. As to the success of such structures, the paper . 
a matter of common knowledge to those 
ah that there is no record extant of the failure of an earthen dam with | 


a core-wall due to filtration through or under the wall = the con- ‘ 


In 
that the Mill River Reservoir at W Mess. , burst 
on May 16th, 1874. It was an earthen dam, with a masonry core- — 
wall 600 ft. long and 43 ft. high. - Water found its way under tl hs 
- eore-wall and destroyed the embankment. The reservoir was sud- 
a denly emptied into a narrow valley, causing the loss of 140 lives 
and the destruction of about $1000 000 worth of property. __ 
" a. The author also makes a reference to two rejoinders to the week 
of the Committee of Expert Engineers, when, without giving 
oa information as to the contents of those rejoinders, his deduction — 7 
from them is that they would seem to have covered completely and 
fully all the points advanced by the expert engineers and disposed _ : 
of their conclusions ef 


and the reasons to support the the plan 

adequate. these, as the paper is concerned, is based 7 

the | City of has amended unnecessarily nearly 


$1000 000 and has failed to utilize at least two years of valuable 
time during which these changes at the New Croton Dam 


a The speaker, before presenting his view — the stability 
of the plan, deems it necessary to give the following brief description _ 
of the part of the embankment and core-wall under consideration. — 

- It extended from the end of the stone dam a distance of about 275 ft. 7 
to a gate-house built in the embankment. The core-wall at the end “a 

1 of the stone dam, as before stated, was to have a height of 200 ft. > 
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the gate- house, of 9 90 ft. embankment was to Mr. Hill. 
_-be 30 ft. wide at the | top, with sides sloping in the ratio of 2 hori- : 
zontal to 1 vertical. The | lower portion of the inner slope, to a 
- height of 16 ft. below ope crest of the spillway, was to be paved with — 
: stone, 18 in. thick, laid dry, upon 12 in. of broken stone; and, on 
the upper part of the slope, to a height of 12 ft. above the crest of 
the spillway, the paving stone was to be 2 ft. thick, upon 18 in. of, 
broken stone. The core-wall in the center of the embankment was 
to be 4 ft. higher than the crest of the spillway, 6 ft. wide at the top — _" 
and increasing to 18 ft. at a depth of 136 ft., then it had the same © “ 
_ width to the base. The high end of the core-wall had been builtina = 
= 
wide pit. | That was a necessary excavation for the enc end of the stone 
dam, which was 164 ft. wide at the base, while the core-wall was — 
18 ft. at its base. The slope of this pit extended southerly along the 


; line of the core-wall for a distance of 150 ft.; thus ‘ee core- e-wall at its 


the ground, as is usual in 1 ordinary cases. — ‘The pri of this great 
pit is shown on the plan accompanying the paper, and is marked © o 
A a There are in the plan three objectionable features which in- | 
fluenc 1 the speaker to recommend the the removal of the 2 embankment 
and wall. They are as follows: First, the excessive height, 
narrow base, and unstable foundation of the embankment; second, — 
the great height of the core-wall; and, third, the anadimemaell 


water to reach the core- 


To take the first, the embankment: Its was: ‘to be 150 ‘ft. high, 


30% higher than any henetodore built, but, in comparison with 
~ other high embankments, its base was narrow for its height. Asan 
example, the Amawalk Dam, which forms one of the upper Croton 
_ Reservoirs, while only about half the height, 85 ft., yet has a base 
wider than that of this | embankment of unprecedented height; and, 
further, this embankment was hazardous because of the 
nature of its foundation. It was founded over a great refilled pit, 
which was 360 ft. wide at the top, 170 ft. at the base and 70 ft. deep. ie 
pit w a necessary excavation for the foundation of the end 
of the stone dam, which was 164 ft. wide at the base, as before | ec 
"stated. It would be impossible to refill this pit as compactly as the ape 
- original hardpan; hence the safety of the reservoir was yr agra 


‘wa was to have the great height of 200 ft. pee with no lateral pro- ; 7 

tection or support whatsoever from the original ground, as the aS 

placed earth on each sidi of ‘the wall in | this wide pit 
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reste uyon an unstable foundation, 
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50 ‘DEROUEOTON ON CHANGES AT NEW CROTON DAM. 

_ HU, the height of the wall itself, 200 ft. ‘The natural hardpan would 
-_ _ afford no protection whatsoever here, inasmuch as it had been ex- 


cavated to its entire depth; in fact, the underlying rock had been 


a removed to a | dep oth of about 15 ft. Considering the height of the 


he— wall, and this in artificially placed earth, it could be but an experi-— 
le a mental structure, inasmuch as it would be at twice the height ms 

amyheretofore built 

third objection, the means afforded the water to reach the 

— core-wall : This i is another serious objection, a as the water, by start- 
ing at the end of the embankment in the reservoir and following — 

between the face of the stone dam and the embankment, would in- ) 


he 


evitably reach the core-wall. It would be impossible to puddle 
_ otherwise compact the embankment against the dam to prevent this, z 
as settlement would surely follow in any embankment of this great — 

height, and the settlement of the material under the projecting 
a parts of the rock-faced masonry would leave cavities for the passage _ 
a of water. _ This objectionable feature here exists because of the com- 
bination of a stone dam and an ‘embankment, while ‘it could not 


- exist in either a continuous stone dam or, on the other hand, a con- 
tinuous embankment and core-walk 
-/ A fourth objection might here be stated, namely, the permeable 


Relating to this material, Committee of Engineers: 
reported: 
“Tt ig permeable to water under any head from 3 to 150 ft., le 


when exposed to the direct action of water, it disintegrates and as- 7 
sumes : a flat slope, the surface of which best described as slimy.” 


» | 


A Thus it will be seen that ‘the aie of this reservoir was de- 
pendent, not only up upon an embankment made of permeable. material — 
and of a problematic section resting upon an unstable foundation, — 
but also upon a core-wall of phenomenal height, unprotected and © 
_ unsupported by original soil and attended with the greatest of all 
possible risks; that is, the means afforded water to reach th the center 

of the embankment against the core- e-wall. Such a structure, | in ? 
—_ s opinion, cannot be regarded as anything but an ee 
as it is abnormal and unprecedented in all its dangerous features. — 
Thus, as the speaker was thoroughly convinced that the plan was 7 
inadequate, he was left no alternative but to condemn it. ae 
Before closing, the speaker wishes to | state that he has no 
to discuss the contention that the natural foundation of the cre 
- wall was safe, as he wishes to maintain the stand he took at first; 
that is, that the plan of the structure itself was faulty, without con- 4 
ileing the physical conditions existing below the base of the core- 
wall, and that the modification of the plan has resulted in the com- 


= pletion of the structure in keeping with the ‘report of the Board of 
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10N ON CHANGES AT NEW CROTON DAM. 

Expert consisting of Messrs. BR. Croes, Joseph P. Mr. Hin, 

- Davis and William F. Shunk, who, in 1888, recommended that the e 

Quaker Bridge Dam, for which this is a substitute, be a stone struc- 

ons FREDERIO. P. Am. Soo. 0. E. (by letter).— — Mr. St Stearns. 

Mr. Gowen’s paper presents in a very clear way the conditions sur- =~ 
- rounding the dike of questionable limestone found at the southerly | i 

end of the dam, and he gives convincing reasons in support of the 


view that the construction, as and, to a large 


pose apparatus pen from that used for tedting: foundations at i 
_ New Croton Dam, and was surprised to find what a great difference — 
_ there was between a very soft rock and the hardest and most —_ 


of the country to su 


‘The permeability of a rock foundation, where the rock is of a 


Ina case like that described, where the core-wall was built in - = 3 
narrow trench cut in firm hardpan extending to the rock, and a o 
A _ where there was also provided an embankment of fine clayey material — 
ee of great dimensions, there must be taken into account the resistance — 
“of this earth to seepage and to water pressure. 
It is quite often the case that an embankment built of earth — 
containing a sufficient proportion of fine particles is as nearly water-_ 
7 a as a concrete or other masonry core-wall, but this is not recog- 7 
nized in all instances, possibly because the concrete has so ) much © 


_ The Board of Expert Engineers, who recommended the changes 
7 at the New Croton Dam, caused many borings to be made in the 
embankments of the dams of the Croton system, and, in a majority 
of cases, the line of saturation determined by the investigations indi- 
cated no greater resistance to seepage or percolation at -wall 
: i in the embankment of earth 
In view of the character of the earth at the part of, ‘the ie 
Croton Dam under consideration and the great distance through the 
_ earth on the line of least resistance, the writer is of the opinion that _ 
4 ‘the dam would have stood at this point without any core-wall, pro- a 
vided the up-stream part of the embankment of clayey material were — 
; ol carried down to join the hardpan, and that, with the core-wall as i~ 
added safeguard, this | part of the ‘dam would have had a greater Re 


factor of than the all-masonry 


q 

— 

= 
never examined this limestone, but he has had occasion to make’ = 
texture, depends upon the presence of seams or other passages = 
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— 
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SS DISCUSSION CHANGES AT NEW cRoTON: DAM, 

Mr. CRAVEN, M. Am. Soc. C. E. (by letter).—One should 
os a permitted to infer, by a perusal of the Transactions of this 

> Society, that one of the greatest structures of its kind, designed and 
partially carried to completion by one of its most distinguished 
members, had been a failure to such an extent as to necessitate its 

partial demolition and subsequent reconstruction on different lines, 

col without a full discussion of all the reasons that really brought about | 

the change. - Such a conclusion as to failure would undoubtedly be 

a i arrived at by one familiar only with Mr. Gowen’s paper, “The — 
dations of the New Croton Dam,” presented on February 21st, 1900, 
on learning of the radical changes which have since 


4 Fortunately, now supplemented his 


AS paper by the discussion of the changes mann, 4 teens substantial 
William R. Hill, M. Am, Soe. oO. the re- 
‘sponsible for the radical changes made, hes replied to ade. 

later paper, giving reasons why, from his point of view, the changes — 

were advisable; he has given his views, as heretofore frequently re- 

is peated in the technical journals as well as in the daily papers, on 


supports. these reasons by endorsement Booed of 


_ It appears to be only proper, lial that the views, as to the 


work, the late Alphonse Fteley, Past-President, Am. Soc. 
should also have their place in this discussion. 
_ Fortunately, Mr. Fteley’s views are on record elsewhere, In 
Engineering News of December 12th, 1901 , they may be found ae 
full; herein will be noted such quotations, only, as bear nee 
on the main questions involved. The writer also reviewed the sub- 


— ject at some length i in Engineering News of Jenuary 12th, staged 


changes in construction, of the engineer who designed this a | 


that Mr. Gowen has referred to the shone “mentioned “rejoinder to 
rf Pa the Committee of Experts without giving any information as to te 


contents of these rejoinders.” 


avoid long technical descriptions and repetitions 


wt ments, and trusting somewhat to to the 1 reader's | careful perusal of the 


his own dontoes from Engineering News of January 12th, 1902. = 
ote Mr. Fteley, after calling attention to the hardpan formation in | 


which the core-we -wall was to have been built, says: 
“ “In instances: of ‘this kind, , when a rock foundation is found 


within accessible distance under the central part of a dam, it is very 
“usual to abandon the rock foundation and to let the foot of the core- 


— 
q 
i 
— 
— 
? 
— 
— 
— 
mee ® 
— 
Wall step up into the earthy materials or the side hill.” = 


‘DISCUSSION ON CHANGES AT ‘NEW CROTON DAM. 


= od He then cites the embankments of Bog Brook, Carmel Main Mr. Craven. — 


‘Dam, Titicus “and many others” (see Fig. 3, page e 43), and states: : 


“In the present case, however, the core- -wall : was extended down 


to the underlying rock into which a trench was excavated to receive __ 
a: the foot of the wall; this arrangement presents the additional advan- find 
tage of establishing the high wall on an unyielding foundation. —© 
mn “At the southern end of the central body of masonry where the 
~ embankment wean, the height of the s uriace of the side hi hill orig- 


“LINES OF SATURATION. 
204 Theoretical, Board of 


161 a) 


sot Gi 


in relate to the Titicus Dam. 


ail 


New Croton} 


CROTON AND TITICUS DAMS. a 
dn contrast with developed section, Fig.4. 4) 7 


tin 


ally. stood a at: an ‘elevation of less than | 60 ft. below the higher ws water 


mark of the reservoir; from that point south this depth gradually 
__ diminishes down to nothin ng. A large excavation has been made in L 
the side hill to accommodate the earth slopes of the pits necessary 
- for the construction of the masonry dam and of the wing-wall; these 
pits are obviously to be refilled, ‘and | it is through th them that the re 
large section, Fig. 2,* of the report is made.” 


I. 

COMPARATIVE PROFILES OF NEW CROTON AND TITICUS DAMS — 

Bol 

— 

$ 4 
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_ DISCUSSION on ANGES aT ‘NEW CROTON D DAM. 


im report, which he very properly says “will convey an idea very dif- 


Be ferent from what the facts will warrant,” which indicates the refill 4a 
4 of this pit as being a part of the earth dam, and which . is furt eaeeadl | 


“more taken so seriously by Mr. Hill, 


“ 


Mr. -Fteley, ‘whine. exception to Fig. of Experts’ 


“TT may hove point to the fact that, whee building Titicus Dam, | 
an extensive earth excavation was also made into the side hill on the — 
north side of the masonry section in order to establish its footing — J 
and that of the adjacent core-wall on the rock foundation and, if a 
section of the structure were made on a similar ‘line of least resist- aq 
> ance’ it would show the core-wall with earth embankments on each a 
‘side, on a minimum slope of 1? to 1 with a height of 100 ft. 
ik profile made on this ‘line of least resistance’ at Titicus Dam, in 
: juxtaposition to profile No. 2,* would show a result in favor of the 


he writer will here -_y attention to the fact that the Titicus 


+ —_ which will be frequently referred to, has been taken generally — 
as a matter of comparison, as it approaches mc more nearly to the New 
- Croten Dam in its general features than any other dam of sesatid 
Fteley then considers ‘the functions an earth dam 


ase” wall, referring particularly to the case in point: 


a. ‘Let us consider the two embankments of the dam separately, as 
they are called upon to act in a very different manner, = 
_ “The up-stream embankment will be in the water, and the (lower 
and larger part of it will repose, not against the core- -wall, but — 7 
against the main dam) from A to B (see plan herewith). ~ When — 
; ~ fluctuations occur in the reservoir, they will be so slow, on account © 
? of its vast area, that it may be said that no water will flow through | a 
ou the bank with sufficient velocity to displace any particles of earth; 
: the only conditions left to be fulfilled are, consequently, that the — 
7 embankment will be sufficiently water tight, and that it will not © 
slough off or be washed off on the surface; the last condition will © 
7 be met by covering the slopes as shown in the plans and specifica- 
tions, with a layer of broken stone with heavy pav ing upon it. os 
4 “As to the condition of water tightness, it is sufficiently met, in a 


-my opinion, by the character of the materials to be used, which : 
have observed continuously several years while refilling: the 


high: with a similar slope, was built with materials finer than those — 
used at Croton Dam, and, barring a slow and perfectly regular ver- — 
tical settlement, which was expected, has acted in a very successful © 
manner. For several years, whenever the height of the reservoir — 
permitted, exact measurements were taken and the slope has never 


~ &The up-stream bank of Titicus Dam, which is nearly 100 ft. 4 3 


_ He then reviews the question | a the materials used i in 1. the refill. 
a 


nd embankment, as follows: 


aon Fig. 2 of the Experts’ Report is to he 
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both at and at Croton Dam, earth mr. Craven. 

e » Mr. Cra 
excavated from the places where it was expected to take it for re- 
filling, was dumped in the stream, care being taken to form the 

dumps of the finest materials. — ‘Tn no case did those dumps, left 
_ unprotected, show a slope steeper than 14 to 1. A bank, standing at 
repose in water, cannot be compared to such hill sides as the experts — 

~ have observed in the valley where they were acted upon by ground — 
water; if their comparison in that respect were correct, no slope of _ — 
any kind be and not an embankment of thedams 


7 wa w water, it is obvious that absolute water pe coe cannot be ex- 
pected; and the experiments made at the Cornell Hydraulic Labo- 
ratory only illustrate that point; at any rate, it cannot be expected - 
that the results of laboratory tests, on very small volumes of ma- 
terials collected on the ground, can throw any valuable light on the ~ - 
_ ultimate behavior of an extensive bank through which the water 
pS would have to percolate for a considerable distance before reaching 
- the masonry parts of the structure. _ Adequate knowledge of the 
_ materials used or to be used, and experience, must be depended upon — _ 
to pass judgment on those matters; moreover, a comparison with 
the results obtained in the case of the dams built in other parts : 
the valley show that sufficient water tightness can be confidently ex: 
pected the — embankment.’ 


to the of the materials used in this 


«AT the tests indicated that this material, which we found to be 
almost identical in character with that which has been used in the 
construction of all the earthen dams in the Croton Valley, is per- 
_ meable to water under any head from 3 to 150 ft., and that when 
ee to the direct action of water it disintegrates and : assumes a 
Slope, t the surface | of v which ch may to be slimy.” 


= - This statement (a portion of which is quoted. by Mr. Hill), while — 
ev idently intended to be condemnatory of the material used, might — 
well be considered, in view of the fact that of the ten earth em- 
_bankments of the dams in the Croton Valley, all have successfully © 
tests from 10 to 25 as fully proving its 


&The conditions under which the down-stream _ embankment 
would have to perform its functions would be entirely different. 
oN othing need be said of the water that may enter the bank from _ 
springs i in the side hill or from the rain; the conditions in that re- 
spect will be the same as have always existed, with the difference 
thet the turf on the surface will shed the greater part of the ; ae 
There remains the which will find its the 
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DISCUSSION ON CHANGES AT NE W CROTON DAM. 
Mr. Craven, Masonry or through supposed deep fissures in - the rock formation. 
_ As no water is expected to pass through the -eentral body a 
masonry, the surface to be considered is limited to that part of the 
3 core-wall adjacent to the refilling of the excavations or to the em- 1 
_ -bankment. What amount of water can find its way through the wall — 
a: that point can be appreciated from a comparison with the other — " 
_ dams mentioned in the report and from the comparative thickness _ 
“ of the masonry. In the majority of the cases referred to, the walls 


are of less thickness, and although the lower embankment will con- | 


“sal tain, as must be expected, a certain amount of water, the tests made oy 
i} : by the experts indicate that a very small volume of it will flow | 
through the wall. At Titicus Dam, where the wall has more thick- 


ness, the indications are that very little, if any, water finds its way 

_ through it; in the present case the wall, for the greater part of its” 

_ A height, at the points where the pressure is highest, is 18 ft. in thick- : 
Psa ness and built of excellent masonry. From these considerations the 

’ eel is consistently reached that, in view of the character of 

the up-stream bank and of the core- -wall, a very small amount 


water will 1 reach the down- stream bank from those > sources. eee ay 


He then t takes up the question of danger from t saturation of 
down-stream embankment, and questions the propriety of the arbi- 
trary selection by the experts of the conditions in the outer bank of 

2 Middle Branch Reservoir as a guide « on 1 which to base an arbi- 


‘trary saturation—to govern in such cases, saying: 


“The experts show a certain* ‘ine. of bank saturation’ as. ‘that 
likely to obtain in the present case. They base their statement on 
: the observations taken by them at the various dams built in the _ 
Croton Valley; they find that the maximum safe height of an earth — q 
embankment with slopes of 2 to 1 would be ‘on the bases of the loss 
of head and saturation at Middle Branch, 63 ft.; Bog Brook, 100. -_ 
{t.; Titicus, 82.3 ft.; Amawalk, 72 ft.; Carmel Main Dam, 102.5 ft’ 
Q fail to understand on what basis they state that from their ob-. 
_ servations the high embankment adjacent to the masonry dam would © 
nearly approach the Middle Branch rate; such a conclusion would — 
_ presuppose a complete knowledge of the comparative materials used, — 
_ of the quality of workmanship, and of the various conditions exist- 
ing during construction, which cannot ee » 
_ Middle Branch Dam was built more than twenty years ago. 
 “Titicus Dam, with its high embankment and its heavy | core “a 
wall, is the structure to which can be best compared the New Croton 
Dam i in several respects, and the experiments show that very little 
water, if any, finds its way through the core-wall, the water in the _ 
- outer embankment standing 40 ft. below the reservoir level. A 
- gimilar result is expected in the present case, and should a small 4 
amount of water find its way through the wall, the lower embank- - 
ment, which is to be formed of comparatively porous materials, 
would allow of sufficient drainage, inasmuch as (to quote from the _ 
expert’s report), ‘the slope of the surface of the saturated earth 


the bank is determined by the asian of the embankment.’ ia 
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The Auxiliary al Titicus Dams very Mr. Craven. 
‘results, although the lower banks were formed of fine materials, none — 
others being found within reach ; with comparatively porous ma- 
terials they would have shown steeper slopes of saturation. I cannot — 
see the truth of the statement that ‘the more compact the material | 
of which the bank is built, the steeper will be the slope of satura- 7 : 
tion” With compact material, the sectional area of flow is larger 
5 elow a given level than with porous material, and as the bank slope : 
is one determining factor of the line of saturation, this line tends to | 
approach the slope line. With porous material in a down-stream , 
- bank the slope of saturation is steeper and the area of flow less. — 
Unless the water finds its outlet on the face of the slope of the em- © 
_bankment, the slope of saturation will also be regulated by the fact — 
that it will reach the ground- water level at a point near the toe of 
“At the New Croton manne the down-stream bank has a 2 to 1 
‘slope for a depth of about 60 ft. below high- -water mark, and the 


of the slope. Below this, the retaining slope along the 
in stream face of the main dam (on the ‘line of least resistence’) 


pe, the lower peo with a revetment of heavy stone paving; 


these two suggested additions are, in my opinion, unnecessary; if I ; 
- = to suggest an improvement to the present plan, I would recom- a 
—- mend the drainage of the lower parts of the embankment; this work 
could be done on an extensive scale, at a comparatively trifling cost, 


After r discussing other features of of ‘the masonry dam, Mr. ‘Freley” 


_ “Economy of design, when properly applied, i is one 2 of the main 


principles of engineering; it was undoubtedly given due weight in 
. this instance, and it should not be departed from without the clearest _ 
- demonstration that the proposed change is a necessity. It is not 
_ thought that the experts’ arguments w ould produce that | conviction 
on those experienced in the construction and maintenance of earth ~ 
- dams, and their determination of a probable line of saturation ee 
“not appear to be logically deduced from their observations of exist- 
- ing dams, or to be based on a sufficient study of the mode of percola- 
ation of w ater through fine materials.” 


n 


to the plan of the which they 

call unjudiciously designed, on the grounds that no provision had 

been made to meet the contingency of a sudden and exceptional | iY - 
flow of water due to a cloud-burst or to other causes. — The : fact m=. vet 
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Dan,’ it treats of only one of the several changes that were 7a % 
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dition the of the reservoir, covering 
ers of acres, is so large that it would have a great equalizing power, the 
- eontingency of a sudden flood causing the overtopping of the - 
masonry dam was carefully considered. To that effect, the top of 
the embankment was kept much above the crest of the masonry and 
a large amount of rock from the excavations was ordered to be placed — 
on the top of the filling, below the dam, to prevent a harmful dis- 7 
turbance of the surface. The contract drawings are not at hand, 
but it is well understood that they are of a general character and by: 
—_— be expected to show all the details of the work, but the con- 
~ nection of the top of the embankment with the crest of the dam is — 
shown on Sheet 22 of the Report of the Aqueduct Commissioners — 
=a of ee 1, 1897, and the necessary orders for the performance of the 
“T learn by the report of the experts 
4 been made, one being the raising of the crest of the masonry dam. 
The reasons for that change in the plan are unknown to me. I agree 
that it is injudicious, as it destroys a feature which was considered — 
tak very important. _ The calculations for the stability of the dam were 
made i in view of the team elevation of the crest.” ae 


The experts. themselves § say: 
‘masonry dam should not in any case built 


was originally designed. Such a change destroys the harmony “7 
efficiency of the design which, having been scientifically determined, 


should be rigidly adhered to.” 

Still, Mr. Hill persisted i in raising the masonry dam in spite o - 
this admonition; in other words, the views of the Board were to be é 
- given weight only in so far as they agreed with his own. aes 


‘The writer will now comment on the subject from his own point 7 


= 


Unquestionably, the vital point to consider, and the one which* 


stream bank of a an n earth dam. 
eS formed of too fine material, the flow of water through the 
bank, assuming that some will pass the core- -wall, will be retarded, 
a and the upper plane of saturation will take a flatter slope than 
through n more porous material, giving a 1 greater area of saturation, _ 
and may eventually reach the outer slope of the embankment, caus- 
ing a sloughing off of the material and thus endangering the struc- 
ture. If this is guarded against, the bank is in no danger; hence, 
Boo the outer bank is secure, the d dam is safe, even n though the there 
as The experts, discussing the question mn of | ny to which they 
properly gave paramount consideration, established an arbitrary and =" 
‘a line of saturation, which indicated that the foregoing  con- > 


dition: of ‘liability to sh to of the bank 
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DISCUSSION ON cH ANGES AT NEW DAM, Me 


‘They concluded, however, ‘that this the ‘Mr. Craven. 
- New Croton Dam “might be overcome to some extent by flattening ; : 
the slope of the bank _* * * s0 as to bring the probable slope La 
: of saturation not less than 10 ft. below the surface of the bank.” __ 
SS Fteley suggested, but did not consider it essential, that the 
same results could be attained by draining the outer bank. It seems — 
clear, therefore, that either of these simple methods might have been _ 
followed, thus removing the slightest cause or necessity for the great 
= expenditure of money and time which have resulted in the methods - 
followed—the cost would probably have been less than $50 000, as 
against $1000 000 actually expended—and the loss of time in com- 
pletion, amounting to two years or more, would have been obv iated. 
Why was this not done? The experts say “it would add largely to nt 
_ the cost and would disfigure the appearance of the dam.” — ae 


In discussing the question of saturation, Mr. Freley takes ex- 


more e compact the material of which the bank is ‘made, the nitions 


__ The saturated portion of the dam is simply that portion below 


Slope taplies motion in water, and there is no absolute retention 
of water in ‘the outer bank « of a dam having its base below the plane 


q 


7: through a further obstruction of either masonry or puddle. It | 
is simply a partial retention, with motion through the bank, gov- ; 
ened entirely by the degree of porosity of the material, and, unques- 
_tionably, the more porous the material in the bank, the steeper will 
— the slope at which water will pa pass through it. Just the contrary 
is claimed by the Board of Experts in their 
_ Comparing the earth portion of the New Croton Dam generally 
with that of the Titicus Dam, referring to Figs. 4 and 5, and 
ce accepting the definition of the effective height of a dam enbenkment 
as “the difference between the level of the water at high-water rr mark 7 
and the level of the point of intersection of the down-stream slope b 
and the plane of the valley bottom,” it is evident that the New 


Croton embankment i is only about 30 ft. higher than that of Titicus 


7 a instead of twice as high. It is true that the New Croton | 
= core: wall has nearly twice the height of that at Titicus, but in the 
_ very nature of this case, where both walls are carried to the under- 
lying rock, this difference in height is more apparent than real; 


speaking, the difference is in n depth below the base 
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; the material be ever so coarse or ever so fine; porosity is merely a_ i" me 
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CHANGE 


varishle profile in value by wide bermes carrying 
it far beyond the profile of the Titicus, which also has a variable 
-_ abruptly broken by a wing wall, which was not intended 88, 


and is not, a barrier to filtration. eA 

- This wall has only a shallow foundation, and, as will -_ seen by 
oie to Fig. 4, the slope of saturation for the Titicus Dam, as 
established by the experts, will pass under this wall and out —— 7 

“a the restored surface beyond, which, , in accordance with their + theory, 4 

a mee The excess of the New Croton profile over the Titicus, as may be 


Croton having a width of 115 ft., the Titicus of only 72 ft. These 
measurements are on the delevoped “lines of least resistance.” — (The 
Bs. actual widths « on normal sections are 110 and 74 ft.; see Fig. 5.) _ Lae 
“< This excess in the New Croton is divided between the outer and | 
inner banks, and it shows largely i in favor of the New Croton Dam, 4 
aswasstated by Mr. Fteley 
Wry Fig. 5 shows comparative sections: of the two dams at right — 
a angles, or normal, to the slopes, taken, in each case, near the dividin “ye 


iS plainly seen, is due to its greater width at the water line; the New | 4 


fe lines between the earth and masonry dams. it represents truly the 
actual differences in sections, which differences, as in the case of — 
the developed ‘section, are unquestionably in favor of the New 
Croton embankment. It shows a dam which, by the definition of = 


effective height, is only about 40 ft. high. - This is just south of the 4 
The developed profiles on “lines of least resistance” (Fig. 4) 
have been in making comparisons only for the reason that they 


eatin however, that the outer refill is to be taunted | as a 


Ee. of the bank proper, then, on Fig. 4, are produced the several — 
slope lines of saturation as determined by 1 the experts f for the other — " 
| 
_ The theoretical 20% line of the ‘experts would indicate a danger 
point on the developed profiles, while the lines of Bog Brook and — 
Carmel Dams indicate absolute safety, passing far below the 10-ft. _ 
limit of the slope of the bank, a limit of safety fixed by the experts, 
which in itself i is rather an excessive requirement. 
_ ng the other hand, all the lines indicate ae in the Titicus — 


- ‘g _Mr.Craven. —‘It will be seen by Fig. 4 that there is only 30 ft. difference in ad 

embankment height: +The New Croton has an interior slope of 2 to 
— 
4 

— 
— 
« 

— 
| 

— 
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the New Croton embankment could be made to appear higher than 
— 
— 

— 
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by 
¢ th of water in the reservoirs. 


“ DISCUSSION ON CHANGES AT _— CROTON DAM. 


to the by the experts for New Croton 
Dam, of the Middle Branch line of saturation os sgninat the lines 
of Bog Brook and Carmel. 
The experts admit that the core-walls and of 
_Amawalk and Middle Branch were not as carefully constructed as 
those of the other dams, yet they arbitrarily select the Middle Branch 
of saturation to apply to the New Croton Dam. 
For the purpose of showing his alleged “inadequacy of embank- * 
wre =z of the New Croton Dam, Mr. Hill compares the width “7 
base and slopes with the broad base and flat slopes of the Amawalk © 
_ Dam. It must be borne in mind that the Amawalk Dam embank- 
e a “ment 9 was made in the form of ag great earth fill, no attempt _— 


- to the great mass of material to supply the equivalent of more care-_ 
methods of construction. During the long period of construc- 
tion the material was allowed to settle as best it would; therefore, 
it is not to be taken properly as a comparative construction with the 
dams built by the Aqueduct Commission where every precaution 
was taken that is essential in the construction of embankments, 
fully justifying the comparatively steeper slopes and more nen 
tracted bottom widths. 


which le has caused to be published “elsewhere, he 
dwells as follows on this feature of the work: 


“This embankment was hazardous because of the unstable nature ‘yeast 
; of its foundation. It was founded over a great refilled pit (giving 
Pe dimensions of pit). It would be impossible,” he says, “to refill this ¥ 
pit as compactly as the original ground, hence the safety of the 
reservoir was dependent, not only on an embankment of a prob- 
 Tematic section, but this section rested upon an 


material of the pit than it would in ordinary cases where 
the wall below the original surface of the ground i is in a narrow 
trench and protected by the original 


Also, “a fourth objection, permeable and. light 


character of the earth of which the embankment was made, but even 
the best material , an embankment would be 


ne . In other words, his contention is that a made embankment cannot 7 
be. as solid as as, and will passage of water more readily 


a 
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DISCUSSION ON CHANGES AT NEW CROTON DAM. 
Mr. Craven. In his argument on Mr. _Gowen’s paper, he has Tepeated these 
My in a somewhat modified form 
a) ‘The well- known facts are, unquestionably, iat the reverse of 
the above. A properly made artificial embankment, either puddled 
rolled in layers, undoubtedly contains a g greater qu quantity y of 
- material per unit of volume than an equivalent volume of the same 
_ earth in its original position, and is less pervious to water. This 
‘Tule frequently leads to the removal of a considerable quanti ity of 
ja and to a a refill, often with the same material, , rather than’ 
“4 build on the natural surface; and the writer, from his knowledge of — 
oe . conditions at the New Croton Dam, cannot conceive why there > 
Should be in that case any exception to this generally accepted rule, : 
"= The fact must not be lost sight of that the material replaced be- 


ss This refill could be made, and in fact much of it had been made, 
to a height of about 100 ft. above the low point of the « core- -wall, 
with such care as to preclude the possibility of bringing any undue 
_ stress on the core-wall that would tend to its rupture, and, further-— 
_ more, when it was again finally removed, the wall was found intact. 

7 * Bt interesting, therefore, to know (see both Figs. 4 and 5), 


7 a that above this line of refill, while the dam is no higher than that at 
Titicus, the embankment, as pointed out by Mr. Fteley, is far more 


ys low the lines of the natural surface of the ground i is simply a refill > 
q confined in a great pit, and no amount of reasoning oe this con- 4 


dition can make it an embankment. 


in excess, in its factor of safety, than that of Titicus; and the writer — 


does not believe any one will question the adequacy of the latter. 7 

24 Properly made embankments will not settle materially; in fact, ; 
= 4 several cases of of considerable height can be cited 

ete levels rete snang taken on the tops of the dams when com- 


of the earth banks. In cases, however, where settlement does occur, 
if due to the action of water, it must mean the displacement of so 
7 much water and a consequently greater compacting of the bank ; 


In regard to percolation and filtration through sands and soils, a 


it might be well to study the paper on the Bohio Dam, Panama 
Canal, by the late George S. Morison, Past-President, Am. poe 
C. E., presented before the Society on March 5th, 1902, and the dis- 
cussion thereon by Frederic P. Stearns, President, Am. Soc. 


on the North Dike of the Wachusett Reservoir; they are ane 


® 4 and also may be considered as pertinent to the subject under con-— 
late E. Sherman Gould, M.. Am. Soe. C. E., an engineer 
ahanle d experience in the construction of dams and reservoirs, ha 7 


— 
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DISCUSSION ON CHANGES AT NEW 
ae “An earth embankment provided with a oe masonry center Mr. Craven. 
4 wall carried down to a firm substratum, or, failing in that possi- ae 
bs bility, to a considerable depth below the surface, the depth being in 
inverse ratio to the compactness of the material, and well bonded — 
- into the sides of the valley, forms one of the best and safest dams 


It has further been remarked that: 


“Of the materials used in the construction of deme, earth is 
physically the least destructible of any. The other materials are all — 
_ subject to more or less disintegration or changes in one form or _ 
another, and in earth they reach their ultimate and id most lasting 


a One more nae has been given, by Mr. Hill and the Board o 
Experts, why an earth dam should not be built more than 100 ft. 
= height, and that is a lack of precedent. —sidOf engineers wait for 


oF 200 ft. in height for an earth ieee it is merely a “ane of 

ee necessity or expediency. The profession of engineering and archi- 
tecture would long ago have been at a standstill if “precedent” had > 
been waited or n. In this case, however, there is no lack of precedent; © — 

_ Mr. Gowen has cited several cases of earth dams, 100 ft. or more in 

~ height, which, in the opinion of the writer, are, all things considered, 
~ much bolder in their conception than the New Croton bm 


Again, if. is to be sought to solve the it 


had been properly built ai had failed, a precedent a in have 


established as further efforts. 


it is self-evident py Carmel, Sen Brook and Titicus Dams 
would never have been built, at least on their present lines ; still, :. 


to the theories and of the experts, and it 
is so with many other earth dams with no flatter — than are 
‘Proposed for the New Croton Dam. 
conclusion, the writer desires to say that, in his opinion, there 
was absolute ely nothing to fear from the completion of the New 
Croton Dam on the lines as laid down in the original plans, know- “a 
ing full well the care with which these plans were developed and eo 
Grorcr S. Rice, M. Am. Soc. C. E. (by letter) —tThe writer is Mr. Rice. 
io pleased to note Mr. Gowen’s careful consideration of the engineer- fe, 1. on 
ing questions involved the changes lately made in the New 
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DISCUSSION. oN. CHANGES . AT NEW CROTC “cROTON ‘DAM, 


various sites, have been very “much: interested. the 

- extreme care with which this and other sites were investigated, and _ 
eee a knowledge of the conditions which existed there, as well i” 
as the immense amount of work done by Mr. Fteley in connection — 


with the theory and design of high masonry dams, it is a source of 
regret to note the criticisms of, and the changes in, the plans orig- — 
F inally contemplated for this great work. Mr. Fteley’s experience 
A ‘in this class of work was probably greater than that of any engineer : 
g of the present time, he having been equipped, not only ‘theoretically, — 


practically, with a knowledge of the subject. 
ae The writer realizes that it is perfectly natural for the engineer, 
. in considering the question of a dam of this nature, to assume in- — 
- stinctively that a masonry dam from one side of the valley to the 
other would be an | ideal ‘solution of the problem; but when one is 
familiar with the results of the construction of deme in America, a 
q more particularly i in connection with such large works as the dams 
_ for the additional water supply of the City of Boston, and also the : 4 
extensions in recent years for the water supply in the Croton Valley, 
: the consummate skill with which this work was ‘originally designed _ 
is perfectly apparent. This plan contemplated a masonry dam 
no where the foundations were adapted for it, and when peculiar con- 
+ ditions were found at the southerly end of the Cornell site the sub- a 
ject w as treated purely with an idea of meeting the conditions 
: ia In the design of ‘this dam, Mr. Fteley’ s whole idea was to erect a 7 7 
ae (3 masonry structure, where it was found better in an engineering = 


q 
q 


but when, in his judgment, the conditions warranted, he used a core- 
wall with an earth dam, and showed in this the vi very best en- 

- gineering, that is, good construction and economy. His judgment 4 
in this matter was based upon the nature of the material in the aa, 
Croton Valley, with which he was fully acquainted, as he had de- 4 
signed and constructed several dams there. A In the writer’s associ- 


ation with Mr. Fteley, it was natural that he should have talked with — 
him on this subject at various times, and consequently he was 
familiar with the reasons and purposes of his = in designing 7 
In the last few years years of Mr. Fteley’s life it was a cdeiaiieiinn to a 
him to feel that the changes in the dam reflected in no way upon his : 
judgment; he realized that these changes were made by those who — _ 
_ did not have a full knowledge of the subject, and under the circum- og 
stances could not have had the experience, and that, therefore, the 
In the construction this work Mr. Fteley had ‘the advantage 


Mr. Rice. Tl employed 
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DISCUSSION ON oH ANGES AT NEW CROTON DAM. 


of having : assistants who were experts in this particular line; _ if Mr. Rice. 


Mr. Hill, as Chief Engineer of the Aqueduct Commission, had con- © 7 
sulted members of his own staff and followed their advice, he would a ma 
have | had command of talent in this class work, 


Hill, in his report to the Commissioners, in 
ing of the changes, said: 


make this recommendation after carefully studying the 
ation and plan, and I know that I am absolutely right,” etc. ete. _ 


Such an an ‘assumption, on the pai part of ying Mr. 
Hill’s position, would seem to show that he lacked a full grasp of 
ae: he writer agrees with Mr. Gowen that the changes “eo have 7 
Deen ; ‘made in the completion of the dam were made at an extra cost 
to the city and a delay which would not have obtained if the original © 
_ plan had been carried out, and, in his opinion, the dam as recon- 
structed is no better carrying out its purpose 7 


pw Duryea, M. AM ‘Soo. dy letter) —Th he Mr. Duryea. ba? 
wishes to add his testimony, to that Mr. Gowen, that Ge late 


Croton Dam because ‘assumed unsafe foundation 
unnecessary from any reasonable considerations of safety, 
- Questions relating to foundations are not amenable to exact or Pay , 

treatment, and their correct solution must depend on 
"precedent and judgment. The ‘natural conditions of foundations, 

both those used as precedents and those under design, are only im-— 
perfectly divided into classes—the classes often merging gredually 
into one another, without sharp lines of demarcation. Even exact -. § 


a“ descriptions of the natural conditions are difficult or impracticable 


to make, and successful precedents ‘cannot be applied to new work | 
without the exercise of much judgment. 
Notwithstanding all this, and the latitude thus warranted for 
diffe srences of opinion on matters relating to foundations, the writer 7” 
believes that the fear of its safety v which led to the tearing out fe 
the embankment of the New Croton Dam was entirely unwarranted a 
It is undeniable that well-designed earth dams, with adequate 
provi isions for spillways. and for conduits, are as safe and as nye 
are dams. Many old earth dams this to be true, 


— 
ys his plans, would not have been obliged to go outside for engineering a 7 es). 
advice. In reference to certain questions relating to the aqueduct —_ 
7 work, it has been noticeable that Mr. Hill followed the advice of his = * 
— 
q 
4 

= 
— 
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Mr. dr, Duryen. neither dem nor core- is founded on rock; and many of 
these old dams are of great height. The use of a masonry core- 
i wall is comparatively recent, and is almost unknown outside of | 

- America. The writer believes in it, and uses it, but regards it as an 


_ additional safeguard and insurance, generally advisable but seldom a 


i g absolutely necessary; and, when it is used, there is no necessity to 7 


incur much additional expense to carry it to rock. ree |e _ 


a Since judgment plays such a predominant part in the design of r 

_ foundations and dams, the e personality and ¢ experience of the de 
signer should carry great weight; and it is difficult to recall any : 
} engineer better fitted, by previous successful experience with dams, 

to decide such questions, than was the late Alphonse Fteley, P 


ace a President, Am. Soc. C. E. When to his wide knowledge and ex- | 


a “perience | were added his years of study and consideration, with the | fot 
seems that his mature judgment in this matter should far outweigh a 
_ with the engineering profession the comparativ ely hasty judgment 
= his suc cessor, W illiam R. ‘Hill, M. Am. Soe. C. E., and the 


Board of Experts, 


‘Speaking of the structure itself, apart. from its designer, the _ 
cilia of the writer, on that part of the embankment and core a 
_ wall dam that was removed, is, » not that it was in any degree unsafe, 
but, on the e contrary, that in carrying down the core- -wall through 
-% such a great depth of hardpan to rock of any quality, good or bad, _ 

the precautions taken were eit and far above such as are © 
usually considered “necessary. . This was probably recognized 


--Tt was a grief to the engineers who knew Mr. Fteley to see e dis- 


credit thrown on his last and greatest work, and to think of the 
Be that this must have caused him. Mr. Gowen has performed a 7 
= duty to the profession and to his memory in seeing that the T'rans- — 
actions: contain a full statement of the nature of 
criticism brought against Mr. Fteley’s, design: for the New Croton 
Dam, and should have the thanks of the profession for so doing. ell 
a, he writer wishes to add that he speaks with a full knowledge of 
oy 4. 4 the design and of local conditions, having been contractor’s engineer | 
on the Titicus ‘Dam, and contractor’s superintendent on both the 
a and Auxiliary Carmel Dams; also having worked for about 
four months on the preparation of a contractor’s bid on the New 
Groton Dam, and afterward visited the dam several times during its _ 
Mr. (CHARLES Gowen, M. Am. Soc. C. E. (by letter) —In review- 
, = Mr. Hill’s communication the writer finds it necessary to call at 
tention to the fact that in the paper under discussion it is definitely 
stated that its is statement made 


aid of an able corps of assistants, of the New Croton Dam itself, it 7 ' 
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oN CHANGES AT NEW CROTON DAM. 


on in his contention that the “changes were unnecessary. The 
above explanation seems to be called for, as Mr. Hill states that the 
: writer makes two general contentions, the first of which is that the 
_ former plan of the dam (that of September 16th, 1896) was ade- 
ie, and he then proceeds to discuss and criticise, in this con- 
eal the plans, sections and statements offered in reference to 
the second and main sontaniion as to the adequacy of the core- -wall 


Mr. Hill states the only cross- -section is one 


of the s stone dam. does not ar mind that this 
section is to show the conditions at the most questionable point of 
the dike of limestone, concerning the criticism of 


conditions with reference to ‘the s same » point in the 
stone : and that it was made on the lines of least resistance — 


‘tion, ‘and the resulting ‘condemnation of the of the 
dam. 7 He also says that it is a mistake to state that the up-stream | 

4 slope of this embankment of the developed section is about 4 to 1. 

he | That there is no mistake about this, is apparent when it is noted — 


ft., most of it lying on the upper side of the core-wall line, 
; whieh, with the slope below, as shown, is the equivalent of more than ~ 


slope demanded at this point is taken into account. 

oe Mr. Hill’s citation of the Mill River Dam failure, in order to con- 
trove the: writer’s statement regarding the causes of failure of 
earthen dams, calls for comment, and in reply it may be said that 
_ the report of the Committee of the American Society of Civil En- 

gineers which was appointed to investigate this matter (Messrs. 
‘Francis, Worthen and _oe states, in view of the crude methods 
tion “of this work “it is obvious that 
; this cannot be pa an 1 engineering work;” and also, “no engineer, 
person calling himeclé such, can be held for either its 


*See Report of Board of News, November 25th, 1901. 


aby 


ae. 


with most of the text, is to illustrate this point. The general ques- 
, tion of the changes advocated by Mr. Hill was assumed by the writer ern — = 
have been so thoroughly discussed in the engineering press that 3 
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SSION ON CH: ANGES AT NEW CROTON DAM. 


will arise as to the efficiency of a glen of a reservoir bank. Further 
— on, he states that his recommendation to remove the core-wall was — 
based on his opinion that the plan was inadequate, and he then, 


further, says in his report to the Aqueduct Commissioners recom- 
mending these changes, “I know I am absolutely right.” © Continu- — 
ing, he instances the unanimous opinion of the Board of Experts _ 
supporting him, and the further concurrence of engineers in the ~ 
zz of the city who were asked to give their opinions by the © 
Mayor; and he e accordingly concludes that, as far as the: general 
public | is concerned, great weight has been added to his conclusions. 7 
ae In view of the foregoing, which, in the main, is a contention of : 
absolute right by Mr. Hill, as to his position in the important matter 

of these changes, it is certainty proper to call his attention to the 


and its construction was by an eminent en- 
gineer who had a long experience in the construction of high dams 
of various designs, and whose success in results has not been sur- 
passed. A comparison of Mr. Fteley’s professional record, in this 
respect, with that of any of the engineers whose dicta or opinions 
have been cited as bearing on these changes, would certainly warrant — 
2 claim that there is at least room for argument in this matter. 
A record of many years of notably successful professional work © 
along certain special lines cannot be ignored, nor can there be as- 
sumption of absolute right in conclusions without at least 
the query as to what qualification o or there may 
4 warrant it. 


a the plan of the dam was made i in September, 1896, we his oil 
sion to the position of Chief Engineer, and concerning his remarks — : 
i in relation thereto, attention is called to this point, that this change _ 
a was provided for in the specifications of the contract, and that the | 

general plan defining the length of the main dam was tentative only. 7 
This change may be considered simply as a determination, of the J 
Chief Engineer who originally designed the dam, of the ‘position of . 
the end of the masonry structure. . This determination was reached 
after the information regarding the foundation material which the | 
excavation afforded had been considered, and the principal motive — 
- for making it was the reduction in the height of the embankment — 
above the restored or refilled surface. This height, accordingly, was 
_ reduced to about 50 or 60 ft. The question of the depth of the core-_ 
wall below the refilled elevation did not enter into the settlement of 
this weertiin, except as it was incidental to the reduction of the av 
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"DISCUSSION ON CHANGES AT NEW CROTON 
é ‘embankment height. Iti is well to say that this determina- Mr. 
zh tion or change involved no question of taking down work already — 
done, and consequent delay, and that all plans for the progress of 
_ the work on the dam from the beginning were made i in view of ‘the 
settlement of this question at ‘the: proper time. 


“the main dam was 183 ft., isloding the depth excavated in the rock eo 
_ for its foundation, which was perhaps 15 ft. At a point 25 ft. south © : 
of its junction with the main dam the core-wall height was 166 ft. - 
This is cited to illustrate the rate at which the extreme core- -wall | ‘i 
: 7 height decreased as the foundation rock slope rose to the south, 
In considering the general arguments advanced by Mr. Hill in — 
-gupport of this change, it may be said that his description of the - 
_ conditions planned at the junction of the main dam and the core- 
_ wall is practically correct. He neglects” to state, however, that the 
embankment was to be carried to Elevation 220, thus giving it a 
- thickness or width of more than 100 ft. at ordinary high-water mark, 
and, as above noted, his extreme height of core-wall is too great. 
: ‘The statement that, at the end of the stone dam, its width was 
ft., is also excessive, 130 ft. being nearer the mark. 
In his discussion of the embankment, he claims it to be 150 ft. 
high. Granting, for the sake of argument, that this refill should 
all be considered as embankment, if the Board of Experts’ defi- — 
— of its effective height be taken as being determined by the 
diff 


erence » between high-water level on the up-stream side and the 
toe of the bank on the down- stream side, the height of bank due to 
a = high-water level would be 130 ft., and to extreme highs 


water level it would be 136 ft., this being on the line of the developed 
section. As to its thickness at the base, conceding, | again, for the 
sake of the refill to be bank, we must also follow 
of least resistance to ‘percolation shown by the report of the 
Board of Experts, and we have for the embankment a thickness of © 
at least 800 ft., in place of 650 ft., as claimed by Mr. Hill* 
A height of 136 ft. is not excessive, nor is 800 ft. an exceptionally 
narrow embankment base, even in comparison with existing struc- 
_ tures. This is particularly evident when the comparison is noted — 
existing conditions between this proposed plan and the similar 
_ conditions at the Titicus Dam, shown in Mr. Craven’s article in - 
Engineering News of January 6th, 1902. Here it is shown that the 


effective height of the Titicus embankment is about 25 ft. less than: 
te proposed for the New Croton Dam, and that the increased — 
thickness and dimensions of the New Croton Dem bank more than | 
compensate for its excess in height. This, therefore, in the light of _ 
experienc, cannot be claimed to be a problematic section, ner does = 


"Engineering News, December 12th, 1901. Plan in Mr. Fteley’s 
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ON CHANGES AT NEW CROTON D 
Mr. Ge Som. there se seem to be any proper question as to the stability of the fil 
_ described by Mr. Hill for the pit beneath this bank. _ This pit is a 
hole in the ground, the walls of which would surely retain the re- 
_ filling, which would have been compacted by the tremendous weight — 
the refill and bank above Elevation ‘70, and to a degree at least 


that Pe compact hardpan aos from this part of the excavation — 
did not extend to the bottom of the pit, but was underlaid by a thick — 
bed of sand and gravel 
‘Hill lays stress upon the experimental character of the core- 
— wall of 200 ft. height, having “no lateral protection or support what- 
_ soever from the original ground.” _ It is assumed that he refers to : 
a. such support as would be afforded by the sides of a vertical trench 
sunk in the ground; but it is difficult to see what advantages there 
- eould be in the lateral support afforded to a wall in a trench refilled - 
to a depth of 3 ft. or more on either side of the wall, compared w ith 
_ that due to a heavy refill or massive made bank carried up at equal — 
: heights on either side and compacted at least in its lower stretches 
by the great weight of the bank above. A refill, under such con- = 
= ditions, would certainly « afford as much lateral support to any wall, 
_ however deep or high, as could possibly be afforded by the refill 
placed by hand in a narrow space between the face of the wall and na 
the side of the trench, however carefully it was done. ee ae ie 
The writer, therefore, cannot see that the depth of a core-wall — 
below the. elevation which defines the lower limit of the effectiv 
height of an embankment has any bearing upon the essential ques- 
tions involved in this case, if such wall has a proper basen 
As to the actual height of the embankment involved in this dis- 
cussion, the writer cannot. concede that that portion of the refill 
placed on both sides of the 1 masonry dam at the south end below the 
= original surface line has to be considered. The actual height of the — 
~ embankment to be considered, that portion above the original sur- 
_ face line, was not more than 60 ft., and the refill below, forming, ac- 
= aa cording to the claims of the Board of Experts and Mr. ‘Hill, the 
remaining 76 ft. of the bank, should be e regarded simply as a restora- 
tion of the general surface or topography. Experience with com- 
e bination dams varying in effective height from 25 ft. to the eg 
_ of the Titicus Dam, which so closely approximates at this point the 
New Croton Dam, justifies this conclusicn. 
For the same reason, viz., experience with varying 
a 4 combination dams, the fear that flow may take place along ™ lancics 


— of a dam wall beneath the embankment is not warranted. | e 


<i Finally, Mr. Hill refers to the permeable and light _ of 
: - the materials used for the embankment, as stated by the Board of 3 
: -_ _ Experts, who are quoted a as ‘stating that it was permeable under any 
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DISCUSSION ‘ON CHANGES AT NEW CROTON DAM. 7 
head for 3 to 150 ‘ ‘ete. The writer feels free to say that he can- Mr. Gowen. 
not understand the meaning of such a statement which might pos- —__ 


-sibly be — by the context. However, he has 


nging the core- 
val section of dam was in with the report of the Board 
of Engineers Shunk, Davis in 1880, 


be the the sites of the two 
Mr Stearns, in sustaining the writer in his contention as to the : 
_ safety of the core-wall foundation, has referred to the investigations 0 
of the Board of Experts regarding the saturation of dam embank- 
ay “ments, and to its conclusions that, in a majority , of the cases inves- — 
tigated, the indications were that the core-wall offered no 
«: geaistance to percolation than the embankment. If these conclu-— 
sions are right, it would seem. to be evident that the embankments 
3 approach the core-walls in n density, and that, , furthermore, there can 
‘in be little or no pressure to act at the base of the wall and thus aid 
_ percolation under it. Such indications are certainly not prejudicial 
the earthen dam as a safe structure 
Mr Craven’s discussion embodies the principal features of his 
own and Mr. Fteley’s | papers | concerning the changes in the dams, 
_ which were published in the engineering press and referred to in > 
the writer’s paper. The writer fully concurs with Mr. Craven as to 
the desirability, under the circumstances, of bringing these matters” 
into the discussion, so long as the general quntions regarding the 
bs The comments of Mr. Rice, referring to his professional associ- ; 
ation with Mr. Fteley at the time the studies for the New Croton | 
_ Dam were e being made, and to his knowledge of the conditions under 
which the nec rations were carried out, are e certainly 
of value, as they give additional weight to the general belief that 
Mr. Fteley’s professional conclusions were based upon intimate and 
‘Scientific knowledge of essential facts as well as upon broad views, 
and that they were accordingly reliable and abiding. 
Th. closing, the writer fully re recognizes the pertinence of Mr. 
 Duryea’s discussion, particularly on the point that Mr. Fteley, in — 
carrying the core-wall to rock, felt that he was taking precautions — 


which, under ordinary conditions, might have been considered un- 


4 

sand, sandy loam and clayey sand, properly mixed and compacted, — iii 
that it withstood such proper tests as the Board of Experts 
made, not excepting tests for permeability and slope action under 

— 

— 
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— 
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Necessary. 
though not to the extent of quoting Mr. Fteley’s views in the seal 
_ with which he was well acquainted. He has stated that the core-wall 
_ was carried to rock through the hardpan principally for reasons of © 
_ pe as which it was thought should have consideration in con- 
_ nection with a project of so large and in some respects unprece- — q 
dented character. Mr. Duryea, very completely and in a few 
- words, reviews the whole situation, so far as the changes a are con- _ 
cerned, and gives additional weight to the testimony regarding Mr. 
_Fteley’s superior judgment and qualifications in connection with the 


and construction of Croton Dam. 
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lately giant ; steamer, Minnesota, 22 000 
a 
tons, was docked there just before her return passage to America. 


‘The dock will be the largest of the kind i in the East baa some time > 


come. Its principal dimensions are as as follows: 


Total length from ‘inside face of outer 
shipgate to h head of dock. 
Width of entrance a at tom. 9 
Width at top, « dock proper..... 
Wiath at bottom, dock proper.... 
Depth at sill, below ground level... 
Depth at sill, below extreme high water. 
Depth of floor at head, below ground level ae 
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2 
of the common merchant vessels” | plying in eastern waters can be 

- 4 accommodated i in | the dock, even at low tide. Taking advantage of - 


& high tide, the largest steamers, such as the Minnesota, can 


easily be be docked, as. will be seen by Teference to the dimensions 


4 The rapid progress in shipbuilding has ten nded to increase the 
— of individual vessels in the ‘West, but the lack of dc docks of 


corresponding sizes in Oriental harbors has “prevented a a similar 


the No. 3. Dock, had ‘this i in : view, and wished to. further this object 5 
rather than r reap p immediate benefit, from a business’ standpoint. — 
a The configuration of the ground chosen for the site is shown on 


late The entrance was built in deep water, but the head 
_ was cut in a rocky bluff. The foundation is of andesite 1 rock, 2: and a 


the concrete | sub-foundation and cut-stone paving were laid ‘divectly 


on this firm base. Pile. foundation was resorted to only for the . 


an 
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 yight-hand wing wall, where the 8 


a hands, 8, induced the denmaguerien to resort to the old method of drilling 


GRAVING DOCK. 
The temporary d dam for excluding se sea water from the dock 
is shown in ‘plan on Plate in section by Fig. 1. The 
clay puddle enclosed betw een two rows of sheet- -piles was was 20 ft. in 


thickness 1 for the lower main part, but was reduced to 12 ft. near 


- The debris from the rock . cutting of the dock site was thrown © 
- outside the sheet- piles. The he ground for tl the dam was prepared first 


by” dredging ‘the silt, with a a Priestman’s. dredger a narrow trench 


E cut in the rock under water to receive the main piles for fixing a 


was of seamy andesite rock. It was first proposed to use rock-drill- _ 


the sheet- -piles. = When the main piles were set in position, they were — 


fixed i in ‘the , ground by filling the trench with conerete. To prevent 


the percolation « of water at the junction n between the base of the dam Dos 
a and the natural ground, as well as to take precaution against the i 

sliding of the dam, | a concrete mound about 5 ft. high was s built 


under water, along the inside row of the main in piles, 


After removing the silt layer, th the depth of "water the e middle 
of the dam was found | to be more than 50 ft. at high tide, so ,so that 
“great care was taken, in building this dam under water, to make the 
puddle » clay impervi ious at this great ‘depth ‘and correspondingly 
great water xr pressure. Fortunately, the ex execution of the work proved 
satisfactory, af after pumping out the water. 
. The quantity of side cut and excavation was 256 000 cu. yd 


The first. or 4 ft. from the ‘surface was s earth, but the remainder 


> 
ing machines, but ¢ the cheapness of manual labor, and the con- — 


ditions being such as to permit of employing a a great ‘number = 


4 by hand. The average cost per ‘cubic yard was 1) yen, including 
drilling, blasting and the subsequent removal of the debris. . Some 


idea method of cutting a removal will be obtained from 


in 

For about one-third of the to total of of the dock, near the 


» 


Tenet a thickness 0 of ely 4 ft. of cont 2 ft. of cut: stone 
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masonry, was considered sufficient to line the rock cutting. In 


ated rock surface left after ex- 
i —-vieinity of the sill site, any deterior k surface left after ex- 
cavation was carefully removed, and trenches were cut to receive 


eonerete ‘sub-foundation, that in some Portions, just u 


floor, ‘the: concrete layer upon the rock “surface 
_ only 2 ft. thick, v upon which andesite | cut-stone paving, 1 ft. thick, 
is laid. Cut stones are used only for the facing, coping and step- 


& ping, their backing being | of. concrete, so that, although the dock i is, of 
to all appearance, of cut-stone masonry, the main portion | of the 


material is concrete crete. he facing near the entrance, and the coping 
and stepping are « of granite, but the ‘other parts « of the masonry 
lining are of a cheaper materié ial, andesite, and, to a careless ¢ ob- 
server, the dock seems to be e granite throughout. 
7 ‘The concrete used for important parts was of the following pr pro- 62 
portions: Portland cen cement 1, sand 2, gravel 4; but. for 1 the ‘most 
part, the concrete consisted of: Portland cement 1, puszolana ; i, 


Puzzolana, which w was conveniently tained from Goto Islands 
sd (off the coast of N agasaki), was found to be of con considerable precy 
tage, bo both in reducing the cost of ¢ construction, and in improving a 

imperviousness of the concrete. _‘The wing walls are of concrete 

blocks n made dry, ‘and sunk in position. The proportions ¢ of the 
for the concrete blocks were: Lime 0.28, puzzolana 

Portland cement i, sand 4, “gravel | 
‘The pump-house is 24 by 76 ft., with its floor 27 ft. ab in. below 


ground level, or 11 ft. in. above the main floor of the dock. The 


‘sump is 9 by 52 ft., | arched with bricks, and ¥ with its bottom 22 ft. 


below the pump-house floor. The space between the arch 
and the floor i is one solid mass of concrete which resists the upward i j 


pressure , of water by its dead weight. Four ¢ cast-iron suction pipes, _ 


each | 33 in. in diameter, pass ‘through this thick conerete. Four 


sets of 33-i in, centrifugal ‘pumps, suitable for direct. coupling to 
electric motors, were supplied by Messrs. Gwinnes, Limited, England. 7 
The four pumps, together, are > capable of discharging 16 000 000 0 gal. 
from | ‘the dock in 3 hours, when driven by | the motors, each j giving out 3 
180 b. h. p., at a speed of 230 rev. per min. Under ordinary co con- 


ditions, three. of these pumps are used, ‘the fourth being kept i in re- 
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ne -in. pump for drainage purposes, | ond ¢ one 6-in. charg 


ree on pumping g plant, Messrs. Siemens Brothers, 


a are to work on a a 220- -volt continuous current. ‘The current is taken, 
= wiring encased in n earthenware pipes, from 
power plant common to all the workshops. 

‘gate, which is of the ship-caisson type, was s designed and 
built at the company’s own shop. When out of gate, the caisson is 


moored alongside the left- hand wing wall, which, accordingly, m: 


vertical. ‘Figs. and 2, Plate IV, show the work 
vation, , the first i is a view of the work near the head, rt de second oe 


_ near the entrance of the dock. rh The working area was wide enough © 
for drilling about twenty holes for blasting at one time. In form-— 


ing the e steps to receive the side-wall lining, blasting was | forbidden, e 


order to avoid | loosening the remaining rock s1 surface. The debris 


was removed by baskets on shoulders, and by hand- -cars on light | 


rails. . When the excavation had been made to a considerable depth, ee 


a ‘portion of rock was left at the middle of the dock to serve as an as os 1 
_ incline, and a winding engine pulled the hand-cars up to the ‘surface Pe 
of the ground, as shown by Fig. 1, Plate Iv. In this s photograph, — 
s the escaping steam the point at which the drainage water 
, Plate IV, » the mound of broken stones = 
which 2 a group men is standing, is ‘the temporary dam 
is ty to o exclude ' the sea water from the dock site. A number of 
w omen, were employed on this work. Plate VII shows the dock com- Sie 
pleted, and a few torpedo-boats docked. _ The common 1 method of = - 
executing earthwork in ‘Japan is shown n by Figs. 1 and Plate 


it combines the use of with ‘the ais method of 


innov novation of 1 of using modern ‘excavators, 


4 be suggested. ¥ No doubt the use. of machines: nes be- 


ae comes economical: when the amount of work is large enough to. ) make 


= the unit cost (including the machine’s first cost) less than n cheap — 
manual labor; but, ‘when one considers the local circumstances of 
the delay, the increased cost of ti 
f the delay, the increased Md cost 0: of importi ting the machines, the time — 
; 3 required to train men in their p proper use, , and, further, the exceed- rs 


ingly say, 40 or 50 sen per day, and 


ing pu Oth mounted on the same 
7 
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GRAVING bo 1K 


work to be done, is an in n the u use of 


machines, ‘This was was the case in the excavation of this dock, 


Ever-i -increasing knowledge, however, as “to labor-saving ma- 
chines, the increase in wages, and for larger undertakings, will tend © 


= bring Japanese methods “more in accord with ‘modern 


The e estimated ‘cost of construction for the dock proper at the 
of the work was as follows: - 
Temporary with its removal, 1: 135, 000 yen. 


Pumping ‘during construction. ........+ 11 000 
Timber works. 


ing veal of side walls. . 


- The e unit costs of the principal items paid to the contractors were 


as s follows: Rock cutting, ‘including its removal, 1 yen | per cu. yd.; 


a cut-stone m: masonry (granite), 30 yen per cu. yd.; concrete, 5 to 8 yen 
cu. yd., according to the proportions of ‘the ingredients ; Port- 


land cement, 44 yen pe per bbl. | 7 Including the « costs : of the wing walls, 


pumping station and shipgate, in addition to the above items, the — 


4 construction cost amounts to less than 1400 000 yen, or $700 000 in 
4 American gold, w yhich is an economical sum for such a dock, con- 


sidering its dimensions and the quality of the finished work. ¥ a 


_ Charges due to the cost of land, electric power plant, traveling — 


cranes, and other equipment, 1 which should be included i in the total 


cost, when the dock is viewed in its complete working conditi 
ere left out of consideration, as these accounts are not ye et cute 


settled. The work wa was s practically commenced i in October, 1902, and 
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. 1.—View Near H Gravina Dock DuRING CONSTRUCTION. 


> 
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Fie, 2.—View Near ENTRANCE oF NAGASAKI 


— 
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Dock Durina Construction. 4 a 
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I Ss U s s ‘3 ON. 
P. Goopricn, M. Am. Soc. E. (by letter)—This paper is Mr. Goodrich. 
of interest because it adds another to the international collection on 7s 
g “this | subject which was presented before the St. Louis ia 
a It is of further interest because it :aitea: that, in almost every 
item, this dock has been designed according to the most advanced ~ 
In size it ranks among the large docks of — wre ‘The wide 
the 100-ft. standard, toward which modern 
4 docks seem to be tending, is of especial interest. The depth and os 7 
- Tength, of course, cannot be curtailed so easily when a dock is de- —_ 
_ The endeavor to provide impervious concrete is of interest, be- be : 
cause of the effect of the water in percolating through the concrete 
and disintegrating it to a “perceptible extent. This has been 
countered by the writer in the construction of several dock walls. 7 
Especial care should be taken with regard to this point, and the ~ 
: backs of walls should be given an especially impervious coating a 
“ _ mortar, or even water- proofed in certain locations. With the oo 
quartz gravel, the only material which is subject to disintegration 
; by water is the cement, but great care should be taken even with this. _ 
The design of the pump-house, as largely a subterranean struc- 
ture, is not common, though | two | of this kind* were built at 
York Navy Yard during the writer’s connection with it 
Civil Engineer. The idea, in the design given in | 7. 
id identical with that at the New York Navy Yard. | 
a aa Only three docks in the United States, as far as the writer is 
aware, are founded in whole or in part on rock, viz., those at Hali- a 
_ fax, Nova Scotia; San Francisco, Cal. (for the San Francisco Dry 


Company), and at Portsmouth, N. 
- The costs | of these ‘Sipgiegs docks, for comparison with the 


dock, were as follows: 


Nagasaki 


ic Toulon... 


Length. 


completed. 


Nagasaki 7 
600 


‘Halifax.. 
Ports nouth . 


Date 
Location. 7 when 


tt. 


34, 
30. 


32.5 000 


‘Depth 
of sill. 


De th 
of fill. 


$700 000 
750 000 


87 9 
is of further to compare with these the cost of 


ry, 
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* An interior view of one of ia 

will be found in Transactions, Am. Soc. C. E., Vol. LIV, Part 
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DISCUSSION ON NAGAS: ;RAVING DOCK. 
“tr Goodrich, The unit costs of the various items of work on the Japanese — 
are of ‘great interest, as they show the effect of the cheap > 


national labor. As the author remarks, it would hardly seem to . ‘"% 4 
have been economical to have tried to introduce machinery. 


Mr. Otagawa. OTAGAWA, M. Am. Soo. CO. E. (by letter) .— —There is an old 
ae: apanese saying that the light: from a light- house reaches to a dis- 1, 
_ tance rather than to its base. In that way, the writer is sorry tosay—i‘(e 
that he is not familiar with the new graving dock at Nagasaki, built — 
_ iby his friend, Dr. Shiraishi; in fact, he has not seen this dock, but 
has seen some graving docks in the e United States. _ Therefore, no 
being familiar with the circumstances under which this dock was. 
built, he cannot very well give a proper criticism as to its design and 
a _ As to the cost of the dock, which, in spite of cheap labor in Japan, 

amounted to 1400 000 yen, the writer believes that the cost 
have been more than 50% less if it had been built 10 yea years earlier, 7 
oF prior to the Chino-Japanese War, and has no hesitation in saying © 

the Russo-Japanese war made the cost still higher, 

__In proportion to the number of war ships and merchant steamers 7 

; _ J apanese waters, there are but few large docks in the Imperial ; 
‘Navy Yards and in commercial ports, and Japan is managing with © : 
fewer hospitals for her vessels than are other countries; but in <i _ 

near future, additional docks of this kind must be built, and there- | 
 -*= the paper will be specially interesting for future reference. — 
As to the qugstion of the use of modern machinery for the con- 
struction of engineering work of this kind, conditions in the | Orient : q 

~ differ greatly from those in America, where contractors have proper — 5 

% labor-saving machines. In Japan it takes months or even a year to a 4 

and learn the use of new machinery. 


ip 
a 


ott than those der this: kind of eng engineering works, new ma- 
g- chines are being introduced from time to time so as to make the ; 


workings cheaper and at the same time more rapid. 


As to the use of puzzolana in concrete blocks, it may be of in- 
4 2 to mention that, in a voleanic country like Japan, puzzolana 
is found in many parts of the empire. The writer had opportunities 
es ve of using this natural cement in several engineering works =a 
7 ie which he was connected. The puzzolana from Goto Islands, referred | 
to by the author, is of very good quality. In building the first grav- __ 
ing dock in Japan, in the Yokosuka Navy Yard (near the landing ~ , 


= place of Commander Perry), puzzolana from the Province of Idzu o 
mt 7 was used and was satisfactory, especially in the early sixties, when 
the manufacture of Portland cement was not known in J Japan, me 


imported cement was both very expensive and very rare. =e aA; = 


CHARLES M. Jac ACOBS, Am. Soc. C. E.—The Jap apanese engineers 
are to be on of the great errors made i in 
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DISCUSSION ON NAGASAKI GRAVIN¢ 


the entrance. _ They have avoided this, which h has detracted £ from the e- 

fulness of a large number of docks in Europe; but the spea " 
— that they have committed nei error in not dividing the 
or example, the dock could 


pleted, at least temporarily, floating out. The length of or- 
_dinary trading vessels on the coasts of Japan and China averages 
from: 320 to 360 ft. 
arrives in the dock for repairs, -“ entire dock i is immediately closed 
for other work until the damaged vessel is ready for refloating. If 
- there had been a midway caisson, or gates, the seriously damaged 
vessel ‘Temain at t the woper end while the > outer section of 


a ie point in the paper is surprising, and that is the iii 

of the adoption of cut stone overlying the concrete, which, according 

to the figures of costs given in the table, was about seven times the 

of concrete. is beyond all question that the utilization | of 
ae ‘concrete alone for graving dock construction has long passed the 
experimental stage, and is assuming enormous proportions in all 

’ elasses of engineering structures. The experience of the speaker, ae 
eg in building a short time ago two large graving docks in South * 
ales e entirely of concrete, has proven that concrete is absolutely 

' satisfactory in maintenance, notwithstanding that the walls of this 

W elsh dock had to pass through most treacherous quicksand before 


gance to place a granite lining o: on top of the concrete when the latter 
. x is just as efficient, if care be taken to enrich the outer surfaces of the 
conerete on the sides, altars, steps, and coping. 
‘The. speaker hopes he may also be = for criticising the 
Ls assertion in regard | to the non-use of m 

standing the statement as to the of labor in J Take 
the cost of the dock lately completed by the speaker in South Wales, 

of nearly the same dimensions as the Nagasaki Dock. The contract 
price for the Welsh dock, built entirely of concrete, and having 
rs central gates, was $445 000, whereas the cost of the Japan apanese dock, 
notwithstanding the cheap labor, was $700000. The cost of labor 


tides was 32 ft. - Therefore it seems to be an unnecessary tere 


as in Great Britain is } very much higher than in Japan, and, with the 
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painting, cleansing, ete. Therefore the commercial possibilities and = 
of the dock, with comparatively small extra expense, would 
a &g 
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Ir. Jacobs, of mechanical power, the costs" have proven more econom- 


oe Another point in the paper to which attention has been | called iss 


tion is to tightness, d due to intermittent stresses 0 on the 

@ structure. Particulars of this important feature have been omitted. aa 

If the author could give some records of filtration through the walls” 
and invert it would add much to the of the paper. 


C. Hottypay, M. Am. Soc. C. E.—The spe speaker, er, having been 
Rencsuah in the construction of dry docks for the Navy Department — 
_ during the past 10 years, believes that it may be of interest to state 
whathasbeendone = 


As Engineer-in-Charge, the speaker was connected the con-— 


@ struction of the timber dry « dock at the Puget Sound Naval Station, _ 
- completed about 1896, at a cost of $700000. This dock rests on 7 
piles, with a concrete foundation under the hothen and for 7 ft. 7% 
on the sides under the altars. ~The entrance of the dock, for 75 
a including, of course, both ga gate seats, is of concrete faced with cut af 
“Sy stone. The pumps are operated by steam engines. It is the only 
S - timber dock constructed by the Navy Department which has prov is 


_ serviceable or at all satisfactory. At about the same time that this — 
was being built, a timber dock was being built at the Port 
Royal Naval Station, South The latter has never 


ship. It is slightly than ‘the Puget Sound 
@ the same time, Dry Dock No. 3 was being constructed at the New 
i York Navy Yard. This dock is, approximately, of the same size as 
- y the Puget Sound dock, being about 625 ft. on the floor and 668 ft. © 
4 in length over all. It was operated originally by steam-driv en 
pumps, but a new ‘pumping plant has recently been installed for this 
2 dock and Dry Dock No. 2, one plant being connected for both, and 
operated by three motor-driven 45-in. pumps, each having» 
; a: an average capacity of 50 000 gal. per min. The original cost of this — 
— dock was $794 000. r A great deal of trouble was encountered during 
«te its construction, and a large part of it was ‘reconstructed. almost i im- a : 
n.. mediately after it was completed. The cost of reconstruction was 
- about $300 000, and even then the dock was in a very unsatisfactory 
. condition. Three years ago the dock had to be put out of commis- om 
_ sion for about 6 months during repairs. The repairs were of a 
rather novel character, and pertained to the foundations near the — ; 
wae entrance, principally in cutting off a large stream of water ay 
entered the dock from the harbor. - This flow of water undermined _ 
laid under the dock and to an 
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“extent that it was likely to give way at this point. r’ great deal of Mr. Hollyday. ; 
: the underlying material was quicksand, which caused most of the Ra 
7 es: in the construction and in its maintenance. It is hoped ES 
that this dock may be kept in commission until the completion of i 4 os 
‘Dry Dock No. 4, which is now w being constructed at the New York — 
Nay Yard, and then rebuilt aa made a masonry dock of concrete, a _ 
Timed with cut stone; 
Dry Dock No. 2 at the Mare Island Navy Yard, California, which y,, 
the speaker was next connected with, as Engineer-in-Charge, is now _ 
under construction. originally intended to be of timber, 
but, by Act of Congress, it was ordered that it be of stone. 
‘The next dock with which the speaker was connected, as 
-Charge, was one of masonry at the Boston Navy Yard. 
was completed during 1905. It is a masonry dock, of concrete 
ie, q _ faced with granite, and is 788 ft. in length. It was authorized at 
_ the same time as the masonry dock for the Portsmouth, New Hamp- | 
- shire, Navy Yard, which, by the way, is located across the river 
- from Portsmouth, at Kittery, Me. This and the Portsmouth dock a 
approximately the same size; both are operated by electrically- 
_ driven pumps, and have all the accessories, in the nature of winches | 
a eapstans for handling vessels, all electrically operated. .They 
provided with pneumatic pipe lines for furnishing power 
for work on ships | in dock; with conduits for electric wires = 
power and for lighting; and with water piping, with outlets at fre-— 


— 


¥ 


for purposes water may be needed there. They at are docks 
of the highest type yet completed, ‘and lave all the modern 


capacity of Engineer- -in-Charge of construction, is Dry Dock No. 4, P. 
at the New York Navy Yard. _ This is to be of concrete, and little — 
or no cut stone will be used for facing, in fact, none except at the es 
gate seats. . The dock is to be 516 ft. long on the floor by 78 ft., 
y a 542 ft. on the top by 180 ft., , and will have a depth of 31 ft. of water 
over the sill. The contract for this dock was made during 1905, aa 
or and 42 months are allowed for completion. — It is to be operated by eae ts 
electrically-driven centrifugal pumps. “Owing to the limit of cost 
_ for this dock, and also the limited space available at the New York = yj 


ie Navy Yard, it is not possible to make it as long + as the other docks — 
_ which have recently been authorized by Congress for the Navy De- 
partment. It is large enough to dock the largest battleship, and it aa 
¢ not probable that a battleship will ever ‘bel built so large as not to 
be able to enter it. It is also large enough to take in the largest 


cruisers wm om, but = is ie at all improbable that, in the future, 
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‘DISCUSSION ON NAGASAKI GR. AVING DOCK. 
r. Hollyday. eruisers may be built for the Navy which will too large to enter 
a this dock. However, Dry Dock No. 3 is long enough to take in any 
cruiser which is likely tobe built? 
Masonry docks are also being br built at the navy yards at League — 
Island, Charleston, and Norfolk. All are large docks, and of ~~ 


going to: the expense of facing the dock at ate with cut stone. - 
In the speaker’s opinion, this was a very important feature, and 
along the right lines. There are two ways of looking at this ~ongal 
tion: one from the commercial standpoint, and the other from a 
Government or engineering standpoint. a commercial stand- 

_ Point, it is necessary to design and build a dock which will pay . _ 
reasonable interest on the investment. A commercial concern, in a 
building a dock, may not have the capital to invest, and, in any 

event, cannot afford, from a business standpoint, to make an invest- _ 

ment which is known in advance will not yield reasonable 
interest. The Government and engineering standpoints are almost — 
the same. In each case it is desirable to build the best structure 
possible at anything less than what might be called a prohibitive 
the Government standpoint, durability and efficiency 
are the essential features, and to have a structure which will always _ 

Be available for use whenever it may be needed—a structure where — 


a at such a time it foe not be available for use, and a = 
be the very time it might be needed most. 


under sceehinanians Dry Dock No. i , of m masonry, with 1 granite a 
. facing; Dry Dock No. 2, originally of timber, completed in 1890, _ 
__ reconstructed and built of masonry with concrete facing and metal 
. :. strips for protecting the edge of the altar steps and coping, the re- A 
construction being completed in 1902; Dry Dock No. 3, of timber, — 
a0 completed i in 1897. The cost of repairs on the bodies of these docks 


from January, 1903, to date, has been, approximately: _ Dry Dock at a 


No. 1, nothing; Dry Dock No. 2, $950; Dry Dock No. 8, $17 3 
Although Dry Dock No. 2 has only been completed about three 
years, the concrete walls have begun to give trouble. Water finds 4 
its way through the walls at different points, and is first shown by S. 
the action of frost during the winter, the cracks become ekegel, 
= concrete is gradually spawled off the face, and the disintegration _ 


goes on. have been made to the but these repairs are 
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DISCUSSION ON NAGASAKI GR 
the san same kind. This trouble would not ‘ini a hed the Mr. Hollyday. 
- dock been faced with cut stone, and this illustrates very clearly the a 
4 point which the speaker makes in regard to facing the dock at 
Nagasaki with cut stone rather than concrete. 
Tlie Originally, the Government | built only masonry docks faced with ie. 
 eut stone, and the stone was frequently cut with much greater — 
 nicety than was necessary, but this was rather a matter of detail and 7 
cost. Dry Dock No. 1 at the Boston Navy Yard is of stone, and 
- was completed in 1833. Dry Dock No. 1 at the Mare Island Navy 
Yard was completed in 1891; it was built by day labor, a and, owing PS 
interruption of the work was not continuous and 
: it took some 12 years to build it. Dry Dock No. 1 at the New York > 
_ Navy Yard is of stone, and was completed about 1846. Dry Dock | 
No. 1 at Norfolk is of stone, and was completed in 1897, These 
— four stone docks—the first docks built by the Navy Department— 
may t be said to be i in practically as perfect a state of preservation as - 
ever. During all these years practically no money has been — 
on. ‘the body of these docks in the way of repairs, whereas, all the a 
‘timber dry docks built by the Navy Department and completed — 
_ within the last 10 or 12 years, with the exception of the Puget — 
a Sound dry dock, have required very extensive repairs, and one of 
is practically useless to- day. This ought to show pretty con-— 
- lusively that the only cot course open to the Perens is to build 
the most substantial structure possible. 
Society may not be aware of the fact, but an Dis- iy 
- eussion on “Dry Docks—Stone vs. Wood,”* had considerable to do 
with influencing the policy of the Government in regard to the kind 7 
_ docks to be built. In 1898 Congress authorized the construction ks = 
a of four large dry docks—at Portsmouth, Boston, League Island, and = 
"Mare Island Navy Yards—the Portsmouth and Boston docks were 
4 to be of masonry, and the League Island and Mare Island docks 
were to be of timber. At that time opinion in the Navy Depart- ties 
-ment was not unanimous as to the kind of dock which should be 2 oa 
built, and ane was a strong i interest favoring the construction of Rai 
made up its mind to build at least of _ 
timber dry against a recommendation of the Secretary of 
_ the Navy, as advised by Rear Admiral M. T. Endicott, M. Am. ad ; 
© E., Chief of the Bureau of Yards and Docks, and Rear Admiral © 5 _ » 
me Wz ‘Melville, Hon. M. Am. Soc. C. E., Chief of the Bureau of 
Steam Engineering. - There w: was a great deal of discussion as to the 
type of dock to be built, but Congress did not change its decision. _ 
Under the authority vested in him, the Secretary of the Navy pro-— - 
ceeded to have plans prepared, advertise, and make contracts, for 
the construction of two stone docks at the Portsmouth and Boston | 


* Transactions, Am. Soc. XLI, p. 554. 
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AKI 
r. Hollyday. Navy Yards. the necessary steps for building two 
timber docks authorized for the League Island and Mare Island z- 
‘Navy Yards, with a view to having them changed to stone docks by 
timber docks was brought up and discussed before this Society, and 
2 oo” was found that those who took part in the discussion strongly 
the stone dry dock. When Congress met, during the fol- | 
_ lowing year, members of the Naval Committee were informe 
the ¢ question of stone versus timber dry docks had been discussed very 
thoroughly before this Society, and that the consensus of opinion of 
those who had discussed the subject was strongly in favor of stone 
2 docks; that Congress had made a . mistake in adhering to the © 
=A ~ policy of building timber dry docks, and that it was not too late to 
7 a the error. The speaker was informed, by one of the most 
Wi ‘prominent members of the Naval Committee, that the discussion 
before this Society had as much weight as, or more than, any other 
- one thing in influencing Congress in reversing its policy and author- 7 
izing the construction of the League Island and Mare Island docks of 
e - Jt may not appear to members of this Seslety that this is a matter 
Of very much importance, but to the speaker it is, in that this dis- 
cussion could change the policy of the Government a wrong = 


principle toa right one. 4 


= of Congress later. During this time, the subject of stone : versus 


“its the of any man or set of men, and by this 


a ise policy it has come about that its opinion is turned to as one of 4 


absolute disinterestedness; adel 


iL J. Le Conte, M. AM. Soc. C. E. (by letter).— - —The author was 


dock. favorable locations are very rare. Undoubtedly, the 


entire base of the dock should rest on solid rock, wherever possible. 
‘ he depth of water at the site of the coffer-dam, 50 ft. at high - 
4 water, to bed-rock, although s somewhat excessive, is often exceeded, 
and special precautions have to be taken on account of the great 


_ pressure on the dam when the enclosure is pumped out. A rock- > 


= dam is generally adopted in such cases, but practice differs 
semi-circular dam of ‘small stone, properly filled with good 
Si pe material to choke the voids on the outer slope often fulfils — 
a all requirements where that slope is not exposed to heavy a 4 
_ Where labor i “es so o cheap and and ‘the ro rock kk excavation i is  Seamy, as ‘in th 
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ways been and now is to discuss engineering subjects from an a 
4 standpoint. It has been against entangling alliances, 
— 
Mr. Le Co 
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2 
— | 
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TES addition of of snnilens: to make i impervious work, which wes 
very desirable; he is somewhat surprised, however, to note the heane 
expense for cutstone facing—$167 500—the average rate being $15 a 
a per cu. yd. in place. In these days of economical construction it is 
not at all clear why the altars, at least, could not have been ‘made 
of high- grade concrete, if not the entire dock lining. 
an The writer knows that comparisons are always odious, because 
_ conditions are so different in different cases, but thinks that some 
broad general comparisons would not be out of place. eS Se 
Ele new dock at Mare Island, ‘California, now under construc- pe 
tion, is on a p pile foundation throughout, the dock foundation alone _ 
calling for 14000 piles. The site is quite unfavorable. The dock 
will be 734 by 120 by 35 ft., and will have an aggregate capacity 
of 114180 eu. yd. WwW hen completed it will probably cost in the neigh- 
 borhood of $1 800 000, making a a capacity rate of $15.76 per cu. yd. 7 “ 
The Hamilton Graving Dock, at Malta, completed in 1893-94, was 
oa: founded entirely on rock, but the formation was full of fissures, 
: = of them 8 in. wide, and much water had to be contended with, 7 


*s _ Besides the cost of the dock proper, there were also included the cost A 
7 a factory for repairs, a 160-ton hydraulic crane, and shops and 


stores for repair and storage of gun mountings, etc. All this brought — is 1. 
+ the cost up to $1023 163. The dock is 558 by 126 by 44 ft., ae: 
has an aggregate capacity 0 of ‘114 576 cu. yd., which makes ‘the ie 


- -* 93 per cu. yd. Next comes the author’s dock, having a cost of 


$5.56 per cu. yd. of capacity, and finally, the new Hunter’s — 

— Dry Dock, San Francisco, Cal., completed in 1903. This dock is 

- founded throughout on rock. — The lining is almost entirely of con- 

erete, excepting the masonry piers at the entrance. dimensions 
are 750 by 122 by 36 ft. = 122000 cu. yd. Of this, 100 000 eu. yd. — 
was rock excavation. The cost of engineering construction alone = = 
has been only $488 000, making the cost $4 per cu. yd. The _ 

= on both sides of the dock are entirely of high-grade concrete. Be 


g = stands out in strong contrast with the Mare Island Dock, : 


CHaRLEs M. Am. Soo. ©. E. (by letter) —The Mr. Albertso 


sense of the word. It was simply a sheltered cove or a sandy — 


- graving dock in Japan was not a graving dock at all, in the present a Se a 


protected by nearby headlands from the severe winds and typhoons 
hich o oceur at These beaches are all along 
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‘a é case, it is certainly wise to conduct the work with hand labor Mr. Le conte, oe 
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ia Albertson. are ached in the old-time way, in order to clean the hulls and 
: make minor repairs during the successive ve periods between high tides. 
For centuries the Japanese had been experienced in the a 
7 of water for purposes of irrigation, therefore it is quite probable ~ 
‘that the next step in their docking operations was to build a small 
dam and gate, sufficient at least to protect | the little inlets —_ the 
peak of thehigh tide 
o 4 From such small beginnings to the great graving dock pa 
by Dr. Shiraishi is a tremendous leap, but the Japanese have shown 
es capable of doing just such things, 
a One would scarcely dare maintain that the necessity for such 
a -4 docks or the ability to design and build them could have come about | 
ae for contact with the nations of Europe and America. ‘Their 
docks are based on the best foreign practice, but are slightly modified 
to suit the local demands and conditions. Nevertheless, it is no small 
matter to build a. good dock in Japan, « owing to the inexperienced, 
- eareless, heedless labor which 1 must be used ons such works. — The 
laborer does his work in a very mechanical manner, and all his think- — 


ing must be done for him. It is a pleasure to know that Dr. j 


£ —— has been entirely successful in the construction of his dock. 
Japan is fortunate i in having an indented, rather rocky, sloping — 
shore line, henge is naturally adapted to dock construction. aioe 


scribes Japan’s present standard practice. 
Mr. Jacobs, in discussing the paper, stated that another gate in _ 
the middle of the dock would have been an improvement on the a 
sign, as one or two ‘small vessels ¢ could have then been docked sep- 
 arately. While this might. be true, ordinarily, if other docks in 


were not available, and but few 


docks” pry one ‘marine e railway. “The. dimensions of these 
a smaller docks are: length on keel- blocks, 510 and 350. ft.; bottom 
-. entrance width, 77 and 53 ft.; and depth of water on heel: blocks, 
264 and 24 ft., respectiv ely. The marine railway can accommodate a 
vessel of 1000 tons. s. “These, v the other in the 


ao In regard to cement, the writer shares the opinion which is gen- — 
eral among foreigners in Japan, that the best Japanese cement — 
to the best article, Some evidence of this 
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Dock Yard Limited, at Kobe, was built with 
~ imported cement. — This dock cost more than the big Nagasaki dock, — 
although it is not nearly as large, | since it measures 426 ft. from — 
caisson to head wall toe, bottom entrance width 52 ft., and depth of 
sill 24 ft. The great cost was due to the company’s shipbuilding 
a having been located on bad ground, without considering dry- _ 


dock requirements. This necessitated piling and a large quantity 
of concrete. ‘The Mitsu Bishi Company profited | by the experience 
: of the Kawasaki | Company, , and have now in use in Kobe Harbor 
a steel floating dock of 7000 tons — 
Before giving up his residence in Japan, the writer saw the 
- early stages of the construction of the Nagasaki dock. Pa He is of the 
_ belief that, under the conditions existing then and | there, only a little z 
more machinery could have been used either to advance the work © 
or decrease the cost. The thought is that perhaps an addition to the : 
limited hauling equipment, or even a further installation of some a 
ey simple type of conveying apparatus might have been desirable. - ” 
This, probably, would not have decreased the cost to the contractor, 
although it should have reduced by a little the time taken in con- 
_ struction ; but, then, time is not considered as valuable in Japan as — 


me writer feels that the credit ro the design as well as the 
of this. the greatest dock in the Far East properly 


= 


that no money ‘hen spent ‘fee vepaine on the 
body of Dry Dock No. 1, at the New York Navy Yard; but, as a 
matter of interest, it is well to note the fact that the entrance to 
_ that dock was practically rebuilt some years ago by P. C. Asserson, 7 
BS Civil Engineer, U. S. Navy. On account of quicksand, the old en- Ss 
trance to the dock began to bulge upward. The rebuilding con- — 
_ sisted of an inverted granite arch. This woek | was completed about 
August 1st, 1888, the total cost being about $86000. 
The ‘yepairs mentioned as being: novel by Mr. Hollyday were 
usted under his direction, therefore, it would be of considerable 
interest if he would give the Society a detailed account, especially 7, a 
as they pertained to the injection of cement into sand to serve asa 
cut-off for water percolation, a subject on which information has 
been in the without eliciting any 1 Teplies. — 


discussion, the w writer wishes to explain fe few ‘points which 
The advantage of a central partition in the dock is ; maintained 
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DISCUSSION on. NAGASAKI ING DOCK 
Mr. Shiraishi. by Mr. Jacobs, and the writer would ave no ‘inclination ‘to con- 


of the shipyard, who has been in the service more than twenty years, 
a did not recognize the necessity for the partition, because of the 
existence of two other shorter docks and a shipway, which are ample 
for the accommodation of the number of small steamers calling at 
harbor, even after making allowance for any future 
. Mr. Albertson conceives the same idea, and has given the dimensions ~ 
use of “puzzolana to increase the imperv :perviousness of 
= was not on account of any preconceived theory. In endeavoring to — 
a stop leakages in old _ docks, puzzolana- concrete was sometimes used — 
“ed rather for economy. The result, in regard to imperviousness, was 
_ always found to be better than with ordinary concrete, If puzzolana- 
concrete had been more expensive than ordinary cement- peniond 
the writer would have made laboratory experiments, in order to com- 
pare the rates of percolation, before adopting the first; but as =a 


cost of puzzolana is less than half that of cement, he had no _ 


__ hesitation in mixing them. Thus far, the ‘finished work b has been ~ 

a scientific investigation, others may refer, how- 

ever, the writer acknowledges the force of Mr. Jacobs’ remark 
that the paper is wanting in records of filtration. Boxes of mortar 
have since been prepared, some with puzzolana mixed with ‘cement 
and sand, and some with cement and sand only. Small gas pipes 

"E - are embedded in the boxes to serve as inlets for pumping in water. _ 

24 _ By this means, hydraulic pressures will be given to the sides Oe o 


bottoms of the boxes, and the rates of percolation, for these different — 


kinds of mortar, will be compared. The Writer | is sorry not to be: 2 


able to report the results herein, but cannot postpone his concluding» 
remarks until the experiments are finished. | 

a at Mr. Jacobs eriticizes the assertion regarding the non- use of 
3 mechanical power in the construction of this dock. The writer must 


not be as disclaiming the u use a in ‘the 


4 For excav writer first hed to 
“ estimate the prices of rock drills, air compressors, cranes, etc., and — 
then calculate > the unit cost of excavation in comparison with what — 
~ could be | done without those machines. He found the latter to be 
the cheaper. As Mr. Otagawa remarks, ‘the contractors here are 4 
provided with such machines, end their first cost must be included — 
in the excavation estimate. - As a reason for his criticism, Mr. 
Jacobs compares the cost of the dock he constructed in South Wales, 
- 000, and that of the Nagasaki dock, $700 000. It is difficult, 


 trovert this suggestion, if the dock were considered independently 
surrounding circumstances. In ‘the present case the 
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the utilization of mechanical power. . The relative cost ee docks, — 
given by him, and also. by « other discussors, is no criterion as to” 
_ the propriety of the design or the method of execution, local condi- 
ene being widely different; and, as Mr. Le Conte remarks, cach 
rapid ‘progress in the use of concrete in various fields o 


eonstruction of docks. In the present case, er, the 
revenue is not | the main object, as was explained by the writer at _ 
the beginning. | The permanent character of the structure and also 
its appearance were considered worth taking into account. bs Any — 
repairs or patching up of all-concrete work would disfigure the dock 
_ badly, although the expense therefor would be of small account. | 
| Even i in works of utility, of this class, the esthetic effect commands 
consideration. 
Another ‘point pertains to a purely condition; 4 that is, on 
nee of some failures of concrete in submarine works, the writer — 
“hd reason to doubt the uniform character of _Japanese cement. 
~ Some barrels might not come up to the standard of the specimens — b= 
ers which fact, combined with some > possible lack of super- 
vision, might cause patch- work later; whereas, the cost of — 


others regarding the behavior of all-concrete, so that he may break 

his conservatism with 

wr 


Shiraishi. 
= 
— 
readily be found on the market. 
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om 
which is continuous through or more stories 


Jl differs from a one-story column i in that its its strength in any story is 
function, ‘not merely of its | dimensions in that story, but of its di- 


A evidently | stronger when the adjoining sections are 10 ft. long than 
they ar are 15 ft. long, other things being equal. Practically all 
> used in buildings of more than one story are continuous. _ : 


4, is the writer’s ‘purpose to develop the exact theory of continu- 


pe ous columns in order to deduce from it a simple “method of cal- 


i cul culating the effect of eccentric loading, | both at the the floor level - 


a at an intermediate point 


+. 3 The development of the equation of the elastic curve, though n “ 
new, will be given for the ‘sake | of convenience and 


‘The bending moment in a column 1 (Fig. 1) is 


where W is ‘the load, and y the distance from the load line 


mensions in all stories. 15-ft. section of a continuous column is 


Presented at the meeting of March 7th, 1906. 


— 

_ 

4q 
— 
i 

il 
@ 
— 
— ~ 
— = j 
tmz 
— 


is the moment of © 
per unit of length is : 


modul us of elasticity. 7 


corresponding second differential may, 


Hence the equatio 


re 


— 

of the elastic curve 18 = a 
me 
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THEORY OF CONTIN vous COLUMNS. A 


_ By multiplying by Ww we get the equ: equ 
ments 


me 


re M VU ge 
~ 


‘The bending of a continuous column in two adjoining stories © 


fulfil the following condition (Fig. 2): 


c= 


— 


= 


to the elastic curve at the floor and where 


is the length of the upper and /, that of the lower column. 


J 


where of inertia of the upper, and J, that of 


Ai lower column, and where u is the distance from the top of the upper, 


and v that from. the bottom of the lower column. 


uMdu=4M, 


m | 


7 


— cos. (m +1), 
— cos. ™ Sey 


sin. 


where 6, is the deflectfOM or une upper clad OL tne upper column, and 
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THEORY OF | CONTINUOUS coL 


_ From the Moment Equation VI, we find | 


» = M, sin. (m+). 


¢ cos — 


= M, cos. + 


“sin. owed cos. 1, —sin.m, 


"Introducing these values into E quation XI, we get: 


M,—1, 


- 


| é mJ sin. (m+ 1) , co [we 4 

a 
— 
m 

— Introd into Equation X, we get: 


oy = 


= 

where M, is the moment due to eceentricity of loading, the left 


«By applying t these two equations to each story, from top to bot- 
tom: of a continuous column, the two end moments of each section < 
of the column are found in terms of the lower end moment of ‘the | 
column below, and by working back from bottom to top, introducing 


a ‘the v values of the lower end moment, the absolute values will be. found. mall ie 


= + —2M, tan 


2 Equation VI poi get the h, two points in in 


This. is Euler’s formula for the length of an ideal, centrally- — 
-" column. | The distances, m and m + I, from the end of the 
‘ideal column to the t two seed of the actual column will be, according 


m +1= ares 


— 
a 
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falle within the actos! length of the eal 


M, be the moment at the n ‘column, 


M, = M, (sin. m, 


WwW 


this va value in Equation XXII, we have 


we 


lt: 
— According to 
— 


for M, si sin. m _, as ae Equation XII, we have 


Hence it is seen that when, as is usually ae in buildings, | 

l is but little variation i in the function, | aN ET for any two ad- ) 
joining stories, M, taken as proportional to the average of 


4, and M,. This implie es t we may, without great error, n 


1 


n in modulu 
a may be to an equivalent eccentricity of loading. 
equivalent eccentricity, which we we will call may be deduced = 


rical distribution of the material, cone 


from experiments | by means of ace if wes substitute c for y, 


with round or “knife- as it should be, i in to give 


Pid 


building law or specification under which the work is to 


executed. | Thus the writer om, from the New York building law, 
a for steel columns e equal to in. per foot of column length, and 


$ 


q 
= 
— 
Ei 
where r is the radius of gyration, and w the average unit stress. 
4 
* See the writer’s paper.‘ The Th i 


‘must be added 
— so that Equation XVII becomes ay 
M,— M,+ M,+ W, “a+ W, = 0. 
‘ie is considerable difference between the numerical * 
pe of M, and M,, M, must be calculated by Equation XIX, but 
when they y are show equal and of of the « same ne sign the simpler for- 


in buildings, M, falls outside the the 
: therefore, need not be considered, length being seldom | greater 
than half the “distance between | the x maximum moments. The New 
York building law allows a maximum n length of 64% of that dis- 


~ ad From Equation XXV it is — when dee is 
in| functions, -,-and M, of the various 


Wet then get the following simple formula which will cover er most Oo 
“eases 0 of eccentric occurring in buildings: 


where is the eccentricity of the load. only con- 


ntrl Tos 


dition to be : by each of these nts being 


being the safe compressive stress of the ‘material 
When there are mome 
is 


each other, the best way i calculate the: column the ‘two 


tions separately, and then ada the e resulting ‘unit stresses. oe 


umn at a point inte - 


7 a rr for cast-iron columns it becomes one-third of the radius of gyra 4 vg 
These values are round figures, which, in the writer’s opinion, 
with the spirit of the law. 4 
¥ Inula, Equation AD » may be used, as there will then be but hittle 
difference between M, and M,. When M, and M, are of about the 
— 
a 
es, we ma 
| 
— 
— 
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4 
— 
fd 


i 
q where @ a, are the deflections of successive 
which external forces are applied. We also need | an 


covering three sections: or column 


=0 


mediate betwee Equation VII bee 
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ONTINUOUS 


I 4 


Ww here | ‘6; is the ‘deflection of the lower end of the lower section meas. : 


ll 


‘from the to the at end of the 


middle section. Hen emcee 


jo here 6 , and 5, _ correspond in the middle a bottom sections t 
d 6, of the top and middle s sections. Hence 

4 att we now insert | the various values of 6 in Equations XXXII 
XXXII, we get the final equations. The exact values” ere 
by Equations VIII, IX and but, for practicel ‘Purposes, 


the approximate value used. in 1 Equation XXV will be sufficiently 


2 
q, 
2 My) + 49 
sof Bguations ‘XXVI and XXXIV we e find the various 


‘unsupported ‘thes value of « a is found applyi ing 
XXXV to the two sections above the unsupported : point and the one 


below it. equation may applied the two 8 sec- 


formulas | be us ‘for the is s then a statically = 
: _ mined on one. When the bottom end of a column is fixed, the founda- 
tion may be considered as a section of the column, the moment , of 7 
inertia of which i is infinite, 
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THEORY OF CONTINUOUS COLUMNS. 
following modification of the present practice, namely, that, instead 
of proportioning a column according to its own length alone, it 
would be better to take the length as one-half the distance from the | 
_ middle of the story below to that of the story above. By the present 
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a i F: wa 
practice the long columns are made Telatively stronger than the 4 
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bh a broad sense, every man 1 who b has charge of engineering — 


restricted sense, as ahd aman b Of mo more limited power, one whose A 


= the ‘responsibilities and duties a in 1 charge of 

struction 

Inspection is is to the execution contract, and has 

to do with its performance. 1 Therefore it presupposes a knowledge = 

of the terms of the contract and of the 1 rights of the parties 3 thereto. av ae ‘ q 
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1g an inspector. His Dusiness 1s to see that the work 1S executed In 
q = uUlies pertain to sume Oe Miaverial OF Class OL 
paper will deal with inspection in both the broad and the restricted 4 
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“THE: ENGINEER AND THE INSPECTION OF WORK. 
fe contract is a legal instrument, and the rights of the > parties a 
sem matters of law. Laws are of two kinds, statutory ‘and common; 7 
* having their | origin in 1 the old English common law, the basis of — 
_ which v was as justice and « equality between men. _ The common or un- 
3 written law, lex non scripta, as Blackstone calls it, is founded upon 
= the immemorial cus customs | of the English | people, and the statutory 7 
or W written law, lex ‘scripta, is based | upon the enactments of legisla- 
ive "bodies, “made for the purpose of declaring or ‘remedying: 
orn rmer. It must not be supposed that the common law remains a 
unrecorded, for, since | men first learned to ) write, th the ¢ customs of the e-.? 
people, as expressed i in n the decisions of the ' various us courts, have been _.) 4 
ompiled and preserved fo for later use. The distinction is th that the 
: common law is based upon custom, and the statutory law upon legis- 
= What follows. is stated from the common- -law basis, and, 


though various | modifications are to be found among t. the e statutes of of 


the several States, i it remains ns substantially correct as a guide for 


“a contract is an n agreement certain parties under which 


at least one of those parties undertakes to perform a certain ‘act or 
cx or to refrain from some specific act or acts. In or order that it a 
- may be effective as a legal instrument, certain conditions must be 


fulfilled. there must be an an offer er and and in that 


ing, by both pa parties, of the: thing o or : things to be done. 5. Nothing ca can 
be more reasonable or logical than this requirement that the parties 7 
to a contract shall understand ‘its terms. AA 
‘The failure to. understand, in the the subject of a 
contract, is a fruitful source of dissatisfaction. In n engineering 
work there is too much laxity in the Preparation of a 
The specifi 


ontract, end 1 many times they are quite obseure and indefinite. An In ea 


his is seen a ‘need for greater r facility of expression among en-— 
ineers. should spend more education, i in 


‘There is: among engineers 
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___By thé meeting of minds is meant a clear and definite understand- _ — 

iim 

| 4 » 2 

4 im 
lack of appreciation of the 
Recessity oI definiteness in their specifications. It often happens 7 
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3 an office assistant who has no 0 qualification for the work. rer ee: 
“oe This laxity has been a ‘frequent source of trouble on public» ak 


where the engineers, coming work not surrounded by gov yern- 


of their contracts, and that, unless and 


= contract to assume a a risk, as an insurance or an 
a 


greement to excav xeavate chann nel i in the earth, r 


for at different pr prices, as gravel, and quicksand, if rock be 


unexpectedly en encountered, no price having been made therefor, the 


ae contractor is not | bound to remove it. The e risk t to be assumed must — 


‘The | offer ‘acceptance are usually expressed in writing, and 


constitute the instrument. Necessarily, they contain all data re- 
quired for a a clear understanding « of the subject. . Where drawings 


or r samples are needed, to make the subject plain, they may be re- 
ferred to and described as a pert of the instrument. It is only 


“necessary to state what. drawings and what samples are meant, and 
te preserve those drawings and and samples so that they may always be. 
elearly identified as the ones referred to. 4 
=, The second requirement for the lier of a contract is that 
‘there shall be a consideration. It would seem to require no. law to i 


make it clear that without a consideration there can n be n no ‘contract. 


4 


"allegation of fraud. consideration ry one is 
anything | else to ‘establish the of a as as 


=a The common law yields to the ile where th that has effect, at 


OF WORK. — 
matthe engineer who, vy reason or experience and ability, 
a fied to write the specifications, is so burdened with administrative ag 
7 
pe to assume a risk not contemplated in the agreement. For instance, 
contract for excavation where different materials are to be 
— 
a other condition would Slavery. One party, clearly, canno 
@ exact something from another, even by agreement, unless some = 
valuable consideration is given in return. But the courts will not 
i 
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latter i in ‘turn is Constitution. ‘The Federal 
Constitu mong citizens in making con- 
to question the of the consideration for a a 
contract would be an interference with this ‘constitutional liberty. 
‘The third requirement of legality is that the parties to to the con- 
tweet shall be competent. . Iti is clear enough that minors and lone 


tics, or persons of unsound mind, cannot enter - into binding — 


tracts. ‘The statutes: s provide other restrictions on ability of 


individuals to enter into a ‘contract. 

‘The fourth | requirement is that the ‘object of the contract shall 
mt be contrary to law. be idles contract | to blow up the State on 
would be clearly as would any other © contract to perform an 


i. a ‘The fi fifth requirement is that there shall be some legal evidence — 
of the contract. For this rea reason it is well to have some knowledge 
the rules of evidence. A signature to an agreement ‘generally 
= to prove the contract ; sometimes a witness is required, baa g 
and sometimes a seal. In some States a verbal contract is legal, Bat 
_ a # but it is clear that some evidence wo would be needed to prove that - oa 


a These are the principles of a a legal contract. In a specific case 


q li it is. always necessary to know that ‘the statates of of a State have been 
complied but these principles must always be ‘followed. 
kG failure to do so would render the contract | either wholly or partially 
“Having these things in mind, the engineer will take up the 
papers, plans, and specifications | for and consider its 


will be said forms of contracts, their and mites, of 


- about plans and specifications, except as they hear ‘directly upon th 


MUGS 


‘The first difficulty be is usually s some error or 


4 omission in the plans or specifications. This defect must be 
‘Tected. contract, in so as ‘this: item is ‘concerned, is void, 


for, clearly, there has not been a “meeting of minds” concerning it. 
Tf the matter is of minor ‘importance, the contract usually provides 
at “that the engineer ‘shall decide what is is to be done; but he cannot 
is 


| — 
if 
if 
if 
= 

= 

7 — 

— 

| 

— 

(a 

eal 

— 

q 
— 

— 
q 


“i 


concerning it assumes such to be the case, and, in following that 


direction, the contractor accepts the ¢ engineer’s ‘assumption, but the 

degree of importance of the matter is a question of fact: that may be > - 
“submitted to a jury on the » application of e either party to the contract, — 
rae Next, there may be found something ‘that i is impossible of con: 7 
struction or or needlessly expensive, and the contractor may ob 
it or propose some other method. Again, the same rule ellie, 
‘The: ‘engineer may | decide, ‘and the contractor 1 may ‘accept the decision, - 


either party to the contract t may invoke the law, to 


cases the errors might to the 


tract and release ‘the security. contracts are made 


is completed. The president of a railroad may suddenly 


order a suspension of all operations, or he 1 may make a change of 


"plan the that will largely increase or decrease the work to be done. In _ 


8 government contract, the interested public may pay no attention to ae 


= 


he 


we F or yr such re reasons as these, it has become common to insert int the 
contract a a clause providing for or decrease of work, 
- changes ¢ of plan, and delays. yi Such a clause may or may not be bind- — 


ing, according to how it is used. A contingency is a proper subject 
contract, but that contingency must be clearly expressed. No 


Blanket clause will cover contingencies considered when making. 
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whether the degree of importance of the matter will sutiice to annu 
— 2. the contract and render a new agreement necessary. *F or this reason 
“many contracts provide for supplementary agreements to cover such 

matters, but, whether or not such agreements have been provided for, __ 
may be made at the option of the parties interested. = 
a ss These matters have a bearing on contracts made with security fF 
where One ti “rules is a DIIC CO Oration, and the Cas Ae 
one example of the necessity of great care in planning public work, 
| In much of the work of an engineer it is difficult to know in 

_ 


‘the of ‘the ‘contractor. That he does. ‘not 


more often seek redress in the courts is because of » the expense and — a 
_ delay attendant thereon. The sum involved must be large, to wor 
rant such a a procedure, The theory the law is held by its de- 
= votees to be the discouragement of litigation, and, in this respect, 
ie because of t the expense and t the numerous difficulties and delays i in | 
- getting a final decision, the legal profession has attained a a degree 
of perfection which engineers may not hope to to equal. 


<i In a set of specifications for a large grain elevator, the engineer, 
4 in order to make | assurance doubly sure sure, , inserted the following —— = 


a there is anything ‘omitted from these specifications | that is 
necessary to make the elevator and power plant complete and in 
perfect working order, it will be understood to be herein contained. 
_ The elevator was built, and it would be very interesting to learn oa 
whether ‘this « clause had ae application, and, if 80, what. i; . Such a a 
q is often used with little regard for its application. 
If the. elevator was let for a a lump sum, and without detailed specifi- aon 
ne cations, the clause would seem to be 2 sufficiently. clear. 7 If there wer were 
detailed plans and id specifications, the clause would of offer an excellent 


4 chance for a dispute, which would probably be ‘settled by the con 


tractor yielding, as a matter of policy and with no regard to justice. 
It is certain that the clause would add nothing to the ene 
© of the ¢ contract. On the contrary, it would show that the engines, 
was somewhat hazy about the matter. o) 
contractors exhibit an unusual willingness to carry out 


the most erratic directions of the | engineer. This is done in order 


to break away from the contract set up a claim that, by reason 


of change of plan, the « contract has been annulled and | a new basis of 


compensation is necessary. ry. That» is chicanery, to be sure, but ‘the 


engineer should be able ton recognize it. Claims against public cor- 


porations have : many times been treated with excessive liberality, 


and they should not be allowed to succeed without the e engineer 


ae Suppose the contractor fails to’ complete his work, or to ‘perform — 


= 


ome portion of it in a satisfactory manner. The courts will not 
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ree a contract. ihe St that can qgone 1s to secure money 
ages for his failure. This involves litigation and delay, and, to 


avoid these 
- a the contractor, and provide that it may be used to uae any por- 
tion of the work left unfinished by him. 
Being familiar with all conditions ‘surrounding the contract, the 
6: i nspector goes on the work intending to secure the best results pos- 
sible, both by lending his aid in every way, and by insisting on the 


orrect performance of the work. k. He i is soon confronted \ with the — - 


problem of deciding w hother certain work is enough t to accept 


or r bad enough to > reject. It has been said that work or or material 

inepector be able to distinguish the | difference, 

and r require ) only that which is just, never accepting anything at 

fault and never rejecting that which i is good. That is a sound -. 

sition, if taken | generally, not rigidly. Rigidly, it is the dictum of 


oa conceit and arrogance; conceit, because it assumes perfection on the = 


“= part of ‘the inspector, end arrogance, because, born of 1 ignorance, it 
permits n no question to be raised. Absolutism has no place in bus 
ness. Business men are a accustomed to dealing with practical affairs, 


and have little use for perfection. It is for this reason 


skilled a and conscientious engineer may at times his efforts 


self classed amon among ‘men who have no judgment. 


All things | are relative, and are governed by ‘conditions. ‘First- 


d class ashlar masonry i is seldom used for retaining walls, and machine- _ 
shop methods are not expected in structural work. if the s specifica- 
¥ tions seem to mean otherwise, they must be very clear and definite, — 


<< in order to stand. - Where the specifications are obscure, or where 


they conflict, custom will govern; so, if a man has some unusual and © 


= matter which he wishes observed, in the execution of his _ 


plans, he must make it ve very plain in the 
OW Where a contract specified a Tip- rap slope wall, laid by hand, n 


— stone to be less than 14 cu. ft. in . volume, and the engineer placed ¢ ae 
7 ae ma. his 8 superior decided, 0 on the appeal of the contractor, that in a “i 
: 4 rap p wall it was not ne necessary to dress the beds of the stone, and that _ 
fillers and small stone might be used, to a limited extent, to fill up 


£8 assistant on the work to measure every stone that went i in the en 


the formerly built in same vicinity and for 


parties had been built of rough ‘stone levelled up with 
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} WORK. 


usual 
cation was at fault in ‘containing the conflict, engineer 


_ showed a lack of ordinary good sense in his attempt to decide what 7 


specifications call for first- class work, First- -class work is 


engineer or inspector to be as thoroughly posted i in current practice 


4 pore the best of current practice, and, ‘therefore, it behooves the ~/ 


as in his own specifications. 
Again, the personal equation of the inspector must be recog: 
It is an old trick for ‘a contractor to confront a young 7 
- spector with, say, a cross-tie which he has rejected and one — q 7 


he! has accepted, and ‘ask is which. Every: experienced 


“ 


mes accept, a ‘and at times reject, a 


which are, 80 to to the dividing line. He must have 
an ideal, a a standard, and if, through |; good nature, he accepts things 


which are not i quite up to the standard, he does not , escape the ‘diffi- | 
culty; he simply lowers the standard. If the work be e graded 
by” percentages, and the rule was to accept all that ranked 90%, he 


would find himself f accepting 89% | and id rejecting 91 per cent. That 
is the imperfection of human nature, , and it cannot be helped. It re 
would not make matters better to drop the standard to 89 per cent. 7 


same conditions would exist. te Between narrow ‘limits, the in- 


spector should have full authority to decide what he will take and 
what he will I reject. It is seldom that « cc a contractor ctor objects to o the 
classification of an experienced inspector. 
» There is a great variety of inspection, and it is performed in 
different ways. In any specific case its purpose should be 
“a ‘clearly i in ‘mind, and the means s used should be adapted thereto. b It _ 
= be desired to examine minutely for the detection of flaws each : 4 
pot ‘individual item, as in the case of steel eye-bars for bridges. _ Or it 
- may be desired merely to exercise a restraining influence by ocea- 


= and partial inspection. — The latter | aim» is the more common, 
par: 


and generally results in in superficial work of very 1 little v value. “7 
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second, or cull, and carefully marked. Buch rigidity 
is not possible where large quantities. ties are ane | in- 
spe spected at a place remote from the road. The other ex 

_ exemplified in the purchase of ties by ship load, the inspection t to 

be made while loading, and : the loading done by ‘machinery ¢ at te 

rate of several thousand per hour. In such a case it is possible, by a 
 * em employing a sufficient | number of men, to sort out and reject a great 


o many culls, but the work i is only - partially done, and the best work | 
7 of the inspector is ‘to form a clear idea as to whether the ties are 


- good ties « or to run in as many | ‘culls as s possible, an and then to govern, 
either acceptance of the cargo or future purchases, by what 


well understood, for ead the impression of the inspector be un- 
yond there should be some means of ‘refusing the cargo unless 


by sampling, as in the case is another 
class of work, ‘and there is room for the exer exercise of judgment | in 
_ selecting the ‘samples. 1 There should bea very definite understand- 5s 
* i ing as to what portion of a shipment should be ‘accepted or rejected M 
is on the result of certain tests. The tests to be applied to cement are 


ams matter prime have been the subject of 


demned, and is is “not t restrained from completing the work, but ‘ 


de denied payment, he may may take the matter into the c courts and endeav or 
—— collect compensation. In that event it would not be enough ae 
the engineer to show that the cement was not in accordance with the | 
specifications. Granting established, in “order” to 


cement and its resultant i injury to 0 the work. That i is is the ‘supreme 
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— stand. When a man specifies something as a matter of judgment, 
necessity for which cannot be readily demonstrated, and the 
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contractor tries to use else, the best way is to stop him 


‘once. In doing so, the engineer may bring upon himself the 


charge of delaying the work, but he must be prepared to meet it. = 


Controversies of this sort have much to do with the obje 


tek letting work publicly to 1 the lowest bidder. Whe hen a man has 


shown a al lack of disposition to carry out work as planned, without oe 


a ‘dispute, « ‘engineers do not care to hav e hi im secure their work. Inv 
government work, as in private affairs, if the lowest bidder is ir- 


his bid : may be rejected, but it may be: necessary to show 


requires es evidence aconptable t0. to the court, and it: may be hard 
to secure. In private work an opinion is often. suficient. 


times by men who 


: remain ‘constantly on on hand ‘while the 1 masons are re at work, and some-_ 
‘times by ‘members of an. engineer corps s who go. from one piece of 


ow work to another, often covering 20 miles of line. To one familiar a 

ac masonry construction it is very clear that the latter method is — 


little better than no i inspect on at all, for large pac of m 1ason 


~ The fault is not inherent in stone poreany diy in the system a. 
its eonstraction. "Stone | m asonry, well built. should 


id be durable than concrete masonry. 


Tine of it is s supposed to consist of tests of samples 


here ign In 

cases where inspectors are for this work, they see 

80 little of the material that it would be - far better to throw the 

responsibility on the mills, and make surface inspection 


at all. ea There is a better chance to see the material at the ma wt 


and it may | be ‘ejected there if found 


a = 
q 
“defects so hidden that only a thorough investigation will find thei. 
Such shiftless inspection is to blame for much of the present dis- 
a favor of stone masonry on railroads. Many roads have had large _ = om 
3 
a 

4 
bar or plate. At present there is practically no surface inspection, 
fe 
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the to represent certain melts in the. 
hearth furnace. The foreign inspector does not usually see the 


-sneimen cut, and cannot check up the marking of the melt number. a 
information | which he secures” he n must assume to be co 


— 


His work is check on ‘the honesty of the manufacturer. He 


merely ascertains ‘the. quality ‘of the ‘material, on the assumption that J 


all information given is is correct; but, in the conduct of a steel mill, 
x: 


the records are so numerous ¢ and voluminous that falsification is not 


4 easy, and any lack of system 0 or + any deception i is quite likely » to be 


discovered. The real worth of the inspector depends upon his 
familiarity with the methods of manufacture cand his ability to 


judge o of the care and system in use. In this way he can decide 


quite intelligently whether or not the plant i is run properly, and, if 
dissatisfied, he can ask for ev idence that things are as they should | | 


a be, or advise that material be secured from another plant. | 


Ane experience at a large rail mill will illustrate 1 the character and 


= 


results of one class” ‘of inspection: There we were several thousand 
tons of rails to inspect at a plant where the writer had no previous d 
g “acquaintance, After a brief interview with ‘the superintendent, h 


started with the foreman to ‘see the finishing mill. The 
seemed to understand perfectly what information was needed, and, 
aa ‘superfluous. word. | He went about the mill rapidly from one place to 


, and » after covering the ground, stated that the rails 


while he » told all that was necessary, ‘it is not aw that ie used u 


question would begin to come out at a 


fourteen straightening presses and seven 


mull insp vectors. The rails 
were | to be loaded as rapidly as finished, and one can imagine how ie > 


many of them a single feelin ‘inspector could s see. But when the 

rails began to out, instead of trying to. see all them, he 

— I watched the mill inspectors. At times es he walked and lined a bed 

ee a rails and tried the gauge. He observed the loading and looked 
oe over the loaded cars. . Occasionally, he fo found a | defective rail, and, iat 


_ by keeping busy, he was able to observe t the attitude a and efficiency 


of the mill inspectors. ‘The result was most gratifying. — There was 
evidence everywhere of the most perfect s system. Every man was 
on his mettle. The superintendent had control of the mill. His 


- 4 wish was s law, and every man, apparently, did his best a according 1 to Ja 
ie own skill and ‘opportunity. Some did better work than others. 
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None was perfect, but it was plain that ont man was striving nll o 


good results. There re wa 

was done as nearly pits as possi ible, and, but a per- 
centage of the rails ined by the writer, he was never more - 


satisfied w with any m ection he has had to mee 
7 of ae skilful and determined effort to secure the best results was so 


"strong: that, in so far as as their surface was concerned, he felt con- 

fident that n no bet better rails could | be secured anywhere. 

Had the character of the inspection by the m: mill men been less 
a satisfactory, no . individual efforts could have avoided the loading of 

= bad rails, and, assuming the lot was not bad enough to Teject 


asa whole, the ¢ dissatisfaction of a — ee would have been 


Some men that excellence of material 

and workmanship is the road to both cheapness 0 of production and 


4 generous: demand for tl their products. _ They do their own inspect- 


: ing very thoroughly, and are well pleased with the results, Iti is a 


pity that there ar are not more men of the same mind. 
7 There is this to be said, however, in favor of the contractor or doing 


‘general 9 work. He meets many engineers with many different ideas 


: ‘finds at times that the things he would do as an _ engineer do not 


7 ‘please the engineer in n charge 0 of his work, and the e things which the 
igineer does require 


condemn. After a few experiences of that sort, it is not to ex- 
pected that a contractor will do more than enough to secure his 


_ When the contractor exhibits an unwillingness to perform good 


work, or or to. replace defective material, the task of an inspector be- 


x comes very difficult and at times unpleasant. — To prescribe a set of 
i rales for bringing a contractor to terms would be as absurd as it is J 


difficult. When 1 the conditions of strife degenerate to a state of 


_ war, only a soldier can | understand the multitude and variety of 
tricks and ‘devices which are used to defeat the : aims of proper in- 


“iin and, to meet ‘these attacks, to checkmate the moves and 
emerge from the with a clean record and 8; good reputation, 


requires the of diplomat. Tn. all's 


= — 
ae 
q 
‘ | a 
— 
4 
Br 
q 
— 
— 
a 
Cases, The Imspector 1s not only obliged to Keep his temper, but he 
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. must be just. . Recrimination is fatal. It places him on a level — 
Ww ith and subjects him to the ‘same examination and 


hen s some engineers find that a ‘contractor is to slight. 
his work, they permit him to operate for a time unwatched, and 
then, a appearing suddenly on the scene, catch him red- handed and 
i require | him to tear down and rebuild the unsatisfactory wali. It 
of 
is natural to feel resentful and to wish to retaliate for a breach o of 
oe good fait faith and confidence, but 1 the law does not uphold such methods. 
7 It is the duty 0 of an inspector te be on hand while the subject of his 
. inspection is under performance, and, if he absents himself, he is pat 
least morally guilty of contributory negligence, and should 
estopped ‘from exercising the same rigidity of inspection that oll 
might use were he himself not at fault, In other words, being 
partly responsible for the poor | work, he is not in a position to pass 
judgment and inflict punishment upon the e contractor, 
The time to protest or condemn is always the time of the act in- 


question, and, in law, a man who remains silent when he should | 3 


have spoken is regarded as a partner in the guilty : act. al Amro ug 


Ams man who protests habitually against everything that is done 
ll becomes known n as a “kicker,” but, however disagreeable that appe el- a 
lation may be, it is better to attention to any defect at. once, 

“a speaking to the contractor r first, and if the matter is ignored, it, 


should | referred to 0 higher authority or taken under consideration 


Bat when a protest concerning work or material is is ignored, the 
oe inspector ‘should ‘not sit idly by and see all evidence of the defects 
obliterated, 80 that when the time of settlement arrives’ there 


nothing to "support his statement. ‘Should the law be invoked to 


settle the m matter, word “would ‘not. go far without confirmation, 


and he should preserve for future v use such notes, references, 


photographs as would enable wan to prov e, absolutely, the correct- 7 


ness of his ; | asser tion. The con ractor, of course, would seek to rid 
himself of an “ “officious but these things verge 

_ war, ,and a man must be the judge of his o own acts. if he i isa man 

good 1 morals and the right preliminary his wits. 


ies —~/ him through many a serape, a and it is one of the pleasures of 
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oTION OF WORK. 
inspector’s life to receive expressions of gratitude for 
- to a contractor who has all but accused him of crime. a 


Mage 
a” One of the most useful things which ¢ can be done by ¢ an inspector 
of field construction is to keep | a daily journal of the progress: of ‘the - 
work, carefully noting every occurrence which may have a bearing 
on ‘the | settlement of the contract. . Such a a journal, when supple- ; 


mented nal photographs, is is no ot eas contr roverted, and will: often 


profits sl increase with the risks ss involved, and general ¢ contract- 
ing is considered a somewhat hazardous business. The 1 risks in- 
volved are due to the elements, physical difficulties encou ntered, - 
fluctuations in the price of materials, labor difficulties, and many | 
‘other things, among which the . character of inspection is n 
- least. Ton many people it will seem impossible that, wit th hones 
work, the character of the e inspection may vary enough t to rs a 
material difference in ‘the cost of work, is true, however, and 
inspection is a factor that often enters into estimates for proposals. 
In some classes of w vork, the range of inspection, from 1 the poorest i 


to the best, is so +80 great as as to exceed the contractor’s ‘profits. | This Te 


‘ee To reduce this” risk in engineering work should be the aim of i¢ 
every inspector. Perhaps the financial saving due to a careful, 


7 uniform and systematic inspection would be of less value than the bee wa 
elevation of morals surrounding the work. . Selfish and dishonest 

motives are so common that the press and the public need only to 


P discover | a place v where a an illegal revenue is possible, in order to . 
raise the cry of graft. Ina a practical way, , confinement on gus- 


icion ‘is fully as inconvenient as confinement on conviction, and it 


is both practical and spiritual wisdom to avoid the ay of 


evil as well as the real thing. Wie 
enters ‘the realm of professional ‘ethics, which i is ever open - 
Differing views are held about the propriety and 
of advertising oneself as. agent for a particular 
--- of cement while holding a high public office involving control bs 


large | masonry It is el ivable that such a 
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among his and the suspicions of the 

public would do great harm, and that harm would be centered on 
‘ft the engineering profession. such a case, the wisdom of avoiding» 
the appearance of evil is obvious, and it should be equally plain 


ms matters of lesser importance. 
On n the other hand, man may be responsible 4 much 
“without being amenable to ‘the law. If 


there be no evidence of moral turpitude, conviction is | impossible; _ 


but, to a a professional man, there is punishment other than that of | 
* the law. . The loss of prestige and reputation, 1, gained by many years 


ra = a of earnest labor, may not be less disastrous in its consequen s than y 
term in 
= ‘a There is much said about the relations existing between the — 
a _ parties to a contract and the engineer, it being generally h held in n the : 
profession that his a ‘attitude should be strictly impartial and that he 


should be no less alert to guard the interests of the contractor than 


flattering to the engineer and agreeable to the contractor. It is 
conducive to good feeling, and i 
3 but, from the contractor’s standpoint, or from a legal ‘point sels view, oe 
> what ‘way can the a agent of the party of the first. part conserve — iy 


a those of his employer. a Such a condition | is a pleasing : fiction, quite ig 7 


the interests 0: of the party of the second part | when his sole co compensa- : 


tion is received from the first party, and ‘without which compensa- 
tion he ‘might be i in n danger of hunger? * may be true that some ‘, 


ait 


good and noble men have at times defended rights of the con-— 
a tractor, and, by so 0 doing, have placed their own incomes in jeop- 


a. ardy, but such cases” do not make the rule. ule. Engineers are not 


saints, by : any means, and a sensible contractor will look sharply to 
‘a: his own interests. _where the elements of ‘uncertainty involve large 


| point in question is the clause in lias contract which 


imposes certain duties upon the | engineer. In so far as these duti 


a are definite, the engineer should be absolutely impartial, and, to his 
glory” be it said, he generally is. . In fact, so far as the me measure- 


ment of quantities is concerned, the whole ) system of contracting 
is based upon the honor and of the engineer. er. Many thou- 


sands of dollars are paid each year | n estimates engineer 


which are taken on Pn being questioned unless the con-— 
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tractor” is losing money. are generally honest, but it 
would not be well for ontractors to depend very largely on their in 


"Their duty is to conserve the interests of their em- 


ployers, ‘and they have the credit of doing 80 very suecessfully—in 


so successfully that their employers, the world over, are the 


-millionaires, while the engineer—has heard of a 


have been tit times a “contractor, engaged upon work 
difficulty an and of great importance, found himself in 


ancial trouble and has been aided in some way to finish his work. " 


e may have been given more work at a better rate, or he may have en 
een given extra compensation. Such things are done, not in the 
atu osity, but because, in an emergency, it has seemed 

o best way to keep his plant and force at work and ‘complete 1 the i 
One» should not get the idea that such things 


= 


public and private work. with municipalities or other 
forms of government are entered into in ‘pursuance of law. 
on surrounding the receipt « of proposals and the letting and 
performance of of contracts are provided for and governed | by law. 
such cases. the duties of the engineer are very explicit, and 
he neither he nor any other individual has authority to vary the terms an 
of 8 a contract in the least. If changes become necessary, the legal 
provision therefor be strictly followed. may happen, and 
metimes ¢ does, that the engineer in _ charge of public w work assumes a 
authority to make changes and does make them without any serious _ 
consequences, but that fact does not alter ‘the case. He makes” 
_ changes on | his own responsibility and at his own risk. ‘If he has | 


in judging the temper forbearance of t the people, 


‘him, only his friends will believe him innocent. 


has been a stumbling block for the engineer in pri- 


Vv vate work to enter the service of the e Government. The liberties \ which ow F 
he ook with contracts, when ‘only his principal and the contractor — _ 


interested, cannot be repeated with impunity in the Govern- 
am serv ice. It is necessary that all changes shall be performed = 


ina stipalated and formal manner. a This is a safeguard ag against 
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corruption, and to ignore it is to raise a a presumption of fraud. 


“Helping 0 out” a contractor 0 on n Government | work has nat more — 


ans can be of much value arin supported by ‘omer 
ar ‘to secure what the inspector demands. _ As we e have see seen, this power 
should be provided int the contract, and is. vested primarily in the 
4 party of the first part. rt. The power of the e engineer lies first in his “ae 
“4 knowledge. of the subject and his ability to demonstrate ii inju 
~a that may meals from a failure to ) carry out his splans, 
g 3 A secondary power lies in the custom of making { pay sayments oe 
ject to his approval. He can, by withholding payments, be s sure 


that his protests will be heard; but it must be assumed by the in- oe 
spector that pov power exists to sustain his: action, and to the full sup-_ 


is also far r worse | e than that. i the contractor finds the egies 


no support, his presence ‘will be ignored, and the work 


suffer. Were there no pretense at inspection, the case would not be 


S so bad, but, in placing an inspector on a piece of work, the enginee ~ ie 
says in effect: to his client, “Y our work is ‘under close supervision 


> and will be properly done.” Then, if he ign 


Owing to the imperfections of life, will always be true 
‘eason or another, some inspectors are incompetent, 


but cases should be exceptional. It i is fair to presume that 

the inspector knows his business, and, in employing him, the en- 


gineer becomes his sponsor. That inspectors. are discharged and 
transferred i is not always their own ‘fault. Lack of moral courage, - 


_ ignorance of the e necessit ies of the work, | and inability to direct the 


on, work of others are some of the faults whi which geal display ‘cil 
handling their inspectors. . Lack of appreciation is another. 
- things will do so much to aid | and encourage an inspector as the — 


knowledge that. his superior is familiar with and pleased by his 


ctor’s failure to please i is « oft ten due to the fact =, 


— ta 120, = 
— 
a 
pore Of thar pow Cr ne is surely a Waste UL IMUNCY 
= 

= 
‘a 
— 
— 
— 
— 
— =~ 
a 
— 
= 
chief has fail — 
A. = aa known. | Perfect loyalty is expected from an inspector, but such 1 4 
— loyalty requires a confidence which is the result of close personal 
— relations. In Government work, especially, where it is often im- = 
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possible for a man in a subordinate position to tell who has the real 
“control of his department, a an ‘inspector r stands in especial need of a 
strong and fearless superior, who is not afraid to do what is right _ 


knows how to to have his orders obeyed. 


|The inspect tor i is frequently thrown in closer contact with the 


q contractor than with his own employer, and finds his friends i in the a 

‘contractor’ camp. ‘Under these circumstances it requires. a high 
order of character to be at all times faithful to his trust. The diffi- 


culties and temptations surrounding his mm are — and he needs 


‘his employer’s full moral support. 


An engineer who will seek to learn contractor whether 
inspector is a good one, or “who will reprove or “over- -rule his 


on complaint of the contractor, has little of 


ness s of ene engineer - to foresee and pre- 


- n ari ises, why does | he « do itt 


whe ‘answer is believed to thet it is a question of personality. 
rather than a question of workmanship. If men cannot agree they 


will fight, no matter how ‘small the importance « of the issue; from 
which we immediately conclude that the all- essential requirement of — 


inspection is tact. _ Tact is the ‘ “Qpen sesame” ” to the success of | 


the constructing engineer and all his assistants. - great engineer - 
without tact is in any: wage a failure. With tact, he could « conquer 


In looking back over the subject, an estimate may now be formed 


of the preparation or training desired in a prospective | inspector. __ 
_ the term has been used somewhat loosely, to apply to engineers 
* charge of construction as well as to man whose duties are con- 


fined to a specific subject, it is necessary to discriminate. en 


_ should be broader, embracing something of law and of business 


gineer, of course, must have a technical training, | but his education 
nods. These things he may : acquire | experienc ce. . He should 


brave morally, never hesitating about a question of honor, and 


should be and honorable in his business relations. To 
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: vent it. Until he is sure of his inspector, he should Keep in — 
lose touch with the work as to prevent a conflict. 
is a curious fact that much of the friction which arises be- 
q 7 cause of inspection is due to little things about which the contractor ‘S ee 
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these qualifications he must a Liberal cupply of tact. 


It is an but seldom essenti 
cipally a few years of experience in the affairs of | the pony a bole 
4 degree | of intelligence, unquestioned honesty, anda a generous amount 


of tact. An effort | is sometimes made to get a mason to inspect 


ow wise at times, ‘Very often it is not. ‘The plans for engineering { 
A work so often vary widely fr from the local al practice in various callings — i 
preconceived notions a are a detriment and detract from one’s 

, 4 value as an inspector. An inspector’s mind should always be open — _ 
receive new instructions. He should ‘not answer “Yes, yes,” 

questions about his. understanding of given “matter, and then 
govern his actions entirely” by his owr own experience. . He c can much © 


etter dis ense with revious ex erience. 
= pense with the p 4 


3 ne fundamentals of subjects 


his 
energy rey which have « enabled “him to ‘complete. successfully a 


* difficult course of study will | enable him to overcome most of the | 
Md difficulties of inspection. Such men also outrank the average. man 


in integrity and honor, and have a breadth of view that enables 
comprehend the whole 8 ituation . Their “greatest lack is” 


4 tact, for where the mind is steadily concentrated on study for too 

a a time it does not seem to to grasp 1 the common n affairs of oF 
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spector. ith it, he need have no doubt of his . 


‘DISCUSSION ON ENGIN NG INSP 


euthor seems s to lay stress. “upon the “tact” whieh an 
inspector on construction should possess. The writer agrees a. 
him, but would emphasize equally the fact that an inspector must 
be, also, thoroughly honest and thoroughly loyal to his chief or hi 
principal. The writer has been a sufferer in cases where an excep- 
tional amount of “tact” in his inspectors and an absence of honesty 
and loyalty have not only suffered the work to be compromised, but _ 
his own position to be jeopardized—the “tact” working for = 
_ The personal equation of contractors is as material to courteous 
“relations on work as the personality of the inspector. Some con- | — 
tractors are honest in their intentions and faithful in the perform- 
ance of their obligations, no dereliction of duty” or performance is 
8 r creed, an 
a part of their creed, and yet they may have in their employ me n 
; 3 actually performing the work who think they can perform or omit — 
the performance of certain obligations in a manner that will a. 
for their thereby adv their own 


= 


‘the contractor is ‘himself honest to see the “justness 
of criticism, friction must arise, and the result soon determines the 


Telations between the and the contractor. 


occasion to observe this not Through a series | of 
- misfortunes, a contractor was doing a piece of work at a considerable __ 
loss, but, notwithstanding this fact, when any 


“of the contenctor and all his men apparent in an attempt on 
_ their part to do the best work possible regardless of the cost. With he +1 
all this evidence of good intention before h him, the chief “engineer, in 
several instances, ‘east suspicion on the work, both of the ee 

_ and the inspector, in a manner so aggravating (and affecting matters _ 

so trifling) as to arouse the antagonism of the inspector, who 
both honest and loyal, and the contractor, simply because it was 
unjust; yet the work, - when completed, received the most positive — a 
“commendation as being first-class in every particular, | and it cer- a : 
tainly deserved such praise 
On the other hand, the writer has had certain adverse ex- 
periences with contractors. — In one particular instance the con- = 
_ tractor started out with the avowed intention of laying all manner 

of engineer and his inspectors, intending to catch 
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Mr. them sufficiently at fault to find cause for making the contract void 
acted upon his advice, In two other « cases the incompetency (inex- 


ness, and a knowledge of contract law, but a fight 
influence in the camp of his principals to enable the engineer — am." B 
guide, not details of the work, but the persons who 
| 


‘protect his own rights, ‘and unless a acting hone some 
maintains a legal department or retains regular counsel, he should — 
be able to advise and direct those for whom he acts. In any condi-| 
tion, the engineer is charged with large responsibility ; he is the 
active a agency to take the responsibility for the work of his in- 
- spectors and assume it as his own; he is the target of the ciaemaes © 
and all his employees, and must stand their criticism and too fn 
.& their abuse; he must frequently meet a combination of the con- 
and his own employer or principal trying to place him 
the wrong; so that his justification and defense must stand 
a indisputable grounds of right, or he is likely to fail utterly, =: 
condition which makes the engineer sick at heart, 
= is to fi find honest effort on his part met t by censure and condemnation — - 
i, in the light of the most positive evidence of the fact that his ¢ course 
is. correct. _ The writer recalls a condition where he, as engineer, — 
: » called to his aid inspectors whose capabilities, honesty and loyalty — 
aa had been proven on other work, _ These inspectors did their duty — 
against adverse circumstances. The work was for a municipality, 
« and he regrets to say that he has spent whole sessions with the a 
governing officials, who took up the time, badly needed for im- 
contractors against these inspectors, 
formed their duty conscientiously. 
was replaced by a more pliable man, who permitted the peso 
te te obtain payments for extra work to which they were not alle a 
and who permitted the use of mate rials 1 the writer had rejected. 
another instance the writer was engineer on a 
4 abandoned by the contractor because the engineer ordered an addi ig 
tional quantity of work done at a specific price named in the con- bs 
tract. ‘The was finished by the > municipality the terms: 


4 
4 
much cannot be said regarding the knowledge of the law 
— 
% ‘ 
} 
— | 
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for cost of construction has just been obtained by a jury trialina 


ta. any conditions, the engineer and his inspectors occupy i me. Haring. 
responsible positions. e due consideration is not given in the 
selection: of inspectors, and there is not sufficient latitude, or 
~ absolute control of appointment, it too frequently occurs that com- 
- peteney is not the determining factor in the choice of men. A 
_eentractor is very soon able to “size up” the capabilities of the man — = 
who is to watch his work, and he acts accordingly. wae a 

_ As this is the age wherein women seem to be displacing men, Lei 


the writer has often wondered whether the time will come when, to 
some women will displace men in engineering 


W.D. Lovett, M. A. Soc. C. E. (by —This topic is one mr. 


of genera! interest to both engineers and contractors. Undoubtedly, | 
“there is too much laxity in the preparation of specifications.” It | 
_ has become the custom with many engineers to write their specifica- _ 
tions hurriedly, or to have them prepared by an incompetent assist- 
ant, and then, to make sure that they have covered everything, to 
put ina 1 general clause, a as pointed out by the author. a This blanket 
clause is an admission of the weakness of the specification, and its 
use should be discouraged. In making up his bid, the contractor 
depends upon the written specification to describe the work he is 


expected to perform and not upon the “general conditions” which 


may mean nothing, or a great deal, depending on the inspector. — 
— one instance, coming to the writer’s notice, the specification 
“relating to conerete seemed to be voluminous. Omitting the speci- 
fication on cement, one thousand words were used in describing 
~ concrete, , yet, when construction began, the inspector found it neces- _ 
ia in order to get such work as he thought desirable, to hide behind __ 
a general clause, applicable to all divisions of the work, which stated 
that “all work must be done in a workmanlike manner.” Relying — 
on on this blanket clause forced | the contractor to increase the actual 


attract 
est of the work 50%, and no extras were allowed. It is injustice 

 fike this which causes unpleasant relations between inspector and 

contractor, and brings engineering profession into 


no writes the ‘cnlaniins has no part in 1 the su 
work, The opinion of what is a “workmanlike manner,” on the 
part of the man who wrote the specification, may differ widely from _ 
= ideas of the constructing man who wrote may 


ot opinions regarding the finishing of work, and may attempt to 
_ compel the contractor to do the work according to his ideas. He 
cannot do so by the specification on that particular subject, therefore ‘ 
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DISCUSSION ON ENGINE ERING _ INSPECTION. 
it is necessary for him to eall up the ‘general conditions,” 
~ written in specifications, that “work must be done in a workmanlike — 7 
manner” or “to the satisfaction of the engineer. ” This is not a 
fair interpretation of the specification or r the contract, and yet, as’ 
is suggested by the author, a contractor very often submits to just — ; 
_ such injustice because he cannot afford the time or the money to = 
take the matter into court. Each specification, covering any ‘a. 4 a 
3 
>, part of the work, should be written so that it should not be neces- 
for the inspector | to rely on general clauses to support his re- 


in regard to the character of the work, and “Dlanket 


_ Mr. Himes hes me 
his business, and “tr ee familiar with the conditions surrounding a. x 
t iol contract. The successful inspector must have a practical knowledge 2 P 
of first-class work. _ The contractor often repeats the old saying, “I 7 
7 have no trouble with the inspector who knows his business.” It is 
the man who is afraid of his own position—who does not really 
whether he is right or wrong—who, by his unreasonable require- _ 
‘ments on some points and his laxity on others, shows his lack of 
knowledge, loses the respect of his chief and the contractor, ma 
proves a failure as a constructing engineer, 
— The following i is a case in 1 point: | The work consisted in ‘Sele. 
cast-iron water pipe. The imepecter was diligent in chipping and © 
4 tapping the castings, although he had a certified test of the material ~ 


used in the pipe and a sworn statement that each length had been . 


letters, indicating the enecieamaen and the year in which the pipe 
Was cast, were easily legible, and that the dust was wiped out of the 7 
-~pipe before it was laid; yet, when it came to the really important — 


al ae tested under a a pressure of 300 lb. He was careful to see that the Ls 


£ work of seeing that the pipe had a , good uniform bearing in the 
trench, that the jute was driven back, and the lead joint deep, prop- 
thoroughly caulked, he paid no attention whatever. 
-, A part of the line was through a corn field, where any settlement 
of the back- filling would make no difference, as the field would be 
plowed « over in the following spring. The back-filling was to be 4 
done with a scraper, the earth wet down with water furnished by the _« 
_ eity, and pumped at considerable expense from a deep well. The 
inspection of this back-filling was the most severe that could be 
i imagined. | The additional co cost to the municipality, on account of | 
> a. pumping water alone, was considerably more than the ee ee: 
BenJaMin THompson, M. Am. Soc. C. E. (by letter) Himes? 
paper treats of a very important subject, and the writer, without 
ae to aa critical, wishes to state that it is not so ees oe 
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a diction that is ry in writing specifications as plain, definite, wr." Theeete: 
specific, concise, comprehensive statements. It sometimes happens 
- that specifications are what might be called a literary effort, which an ar 
ES is apt to confuse and | bemuddle the contractor, who, more often than — 7 
~ not, has had no more education than what is embraced in the “three 
R’s.” What he needs is plain writing, showing clearly and specifi- 
cally what he is to do, when he is to do it, and what and how he is — 
to be paid for it. If the engineer has not investigated the situation — 
and conditions surrounding the proposed work in detail, he 
cannot prepare fully what. the contractor ought to have for his 
_ guidance. The more care in preliminaries the less difficulty with 
- contractors, and the less embarrassment in explaining why the © 
: total cost exceeds the estimates, the latter being the standing indict- — 
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The author’s oleate statement that ‘ “confinement on sus- 
fully as inconvenient confinement on conviction,” 
4g “should be mage A engraved in the memory of every young en- 


like add Whittier’s “Ah, what a thin skate oat 
_ eyes of the curious world the knowledge of evil deeds done in dark- 
The > author's s question, “Has any one heard of | a multi-mi i 
5 aan reminds the writer of what was said to him some e time 
ago by a gentleman who had just paid $40 000 commission to a real 
estate agent for the sale of some property. “That man worked two 
three months, and an engineer might as or more 
The writer asked, “Why should the real estate receive so 
v much higher pay for his services than the engineer for van equal or he 
much larger amount of work to make the sale possible?” His reply | 
Ww as, “I don’t know, , unless was because he got the ‘money. 
Inspectors. or resident engineers on extensive work 
- from different sections of the country, and have different ideas as to oa 
s good construction, and how to proceed in special difficulties. It 
: _ Seems to the writer that it would be a good plan for the chief en- 
4 1 -gineer to have the engineers and inspectors come together | at the be- _ 


2 


— of the work and at various times during its progress for the = =. 
examination and discussion of the specifications and their applica- 
tion to the special difficulties or problems which may be met. If this 
done, the character of the work under their charge would be 
more uniformly good, contractors would feel that they were all 
treated about alike, the individual inspector or resident engineer 
ia would feel that he could take a position in which he would be sus-— 
—. tained by the judgment of his comrades and his chief, with the least — 
annoyance a and trouble to the chief engineer wou 
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‘ DISCUSSION ON ENGIN NEE ERING INSPECTION. 
not only ‘to his s employers, but to 
those under hime 
Mr. Ruseell Bent M. Am. Soc. C. E. (by —This subject 


—_ much of the whole field of engineering, and so much may be 


said upon it that it is not easy to treat it well within the limits of . 4 

broad question of the proper interpretation of engineering 

specifications is of such importance to engineers that it might well 

be classed with those subjects that should be brought up ) annually. for 


_ Consistency is of great importance, both in writing the specifi- 
cations and in executing them. . Not only should an engineer be 7 
‘ys oe consistent in his own practice, but neighboring engineers should ad- | 
_ vise with each other, and try to make their practice consistent. a 
1 a Going a step further, there should be a certain amount of con- ao 
1d sistency aimed at among the members of the whole profession. 7 i 
<a The dictum of the engineer should gain strength, and, be 
often does gain strength, by the fact that it not only represents ii 
judgment of a man especially trained for the work, but also in 
al measure represents the consensus of opinion of the whole engineer 7 
The Standing of the profession will certainly be elevated by 
greater 1 unity among engineers in the matter of “engineering con- 
i tracts. A great deal of missionary work is needed among engin, 


‘They should be better informed as to what is the 


in 


‘The author is to be. ‘congratulated u upon his 


J@ os so important a discussion, and upon the many good points that he 
As to preparing specifications, engineering has now become such 
Sa an advanced science, and the volume of engineering knowledge has 
- become so ) vast, compared with the capacity of any individual, that, — 4 ' 
7 with little violence, it might be said that when an engineer starts to 
write a specification, he is working on a subject of which he has a 5 
little or no personal knowledge. For example, he may have had 
much experience in building structures of steel and of masonry, and 
now be called upon in the line of the structure | of timber. a He is 


dependent upon the work of other engineers. His information must 
be gathered from books, periodicals, etc. 
Perhaps the first question for the engineer to decide is how sini.” 
_ time can be given to research work. it depends, of course, upon the = 
importance of the case. Most errors in engineering specifications — a 
- come from lack of time and information in preparing them. = 
_ In the writer’s judgment, engineers more often give too little 
time than too much to specification | writing. Many a a lawsuit uit could 
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ON ENGINEE ‘RING IN NSPECTION. 

avoided by a few minutes more in the Mr. 
‘This i is a point that could be thoroughly discussed by ‘engineers ¥ with 
great advantage, and the position of the ‘author is well taken as to 

ey Perhaps the next question, with aes engineer who starts to draw 

specifications, the state of the market. If contractors 
known to be hungry for work, specifications, of course, may 
severe. They may be written 80 contain will be if 

gets his capital back. 


they are are usually y very it e engineer must that the 
‘specifications are more than fair to the contractor. Otherwise, he 
will get no bids, or excessive prices. 
» Cc oming now to the inspection of engineering work, as in the i 
of specifications, it is found that the difficulties 
come from ignorance. - Young inspectors, of course, do not know 
Ss is customary practice in the line of work which they are 


-ealled upon to judge. In their inspection, they are often at oi 


great disadv in that they | know less about what is right and 


q 


_ On the other hand,  ienametaia more experience are often worse, 
on the whole, because they have been badly trained. An inspector 
who has served under a careless or incompetent ‘engineer may a 
‘ _ very unsatisfactory, owing to faults in his training. An old brick- b; 
layer does not always make the best inspector of*brickwork. He is 
- to be prejudiced by the kind of work he has been doing in his | 
_ number of inspectors or the quantity of work to “ nn a 
by one inspector is a matter of great import. One does not like to— 
the cost of inspection too high in proportion. 


. Engineers, as a a class, should insist that the : success of the — 


ae. At the outset the inspecting engineer may well bear in mind the _ 
_ State of the market when the contract was let, as mentioned pre- 
s viopsly, and thus ‘infer the probable width of margin on which the _ 
‘contractor has to work. keener the competition the sharper 
should be the inspection, as a rule. More often than not, the amount 
expended on inspection is below the point of greatest economic ; 
Specifications which give arbitrary power to the engineer are too ag 
* apt to put him in an improper state of mind. With the best inten- = 
tions in the world, an engineer unconsciously becomes careless an 


the rights of the contractor 
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ON ENGINEERING INSPECTION. 


The enginesr inspector guard 
__, Perhaps the most important point mentioned by the author a. 
‘the practice of helping out t he contractor.” In the writer’s judg- — 
ment, the views of engineers on this point should be fully brought 
r) out, and a great effort be made to get the consensus of opinion of 
experienced engineers on the question. There is too much variation 
in the practice of engineers in this direction. 7 Personally, the an 
writer: thinks: that, in any work of a public nature, the engineer 
should never permit “helping out” the contractor. _ Obviously, it * 
Bp good to contractors as a class, and better results will be 
obtained with the practice ruled out altogether, 
os private contracts, this practice shoyld never be allowed, with- “ 
out full knowledge of all the parties interested. Jur 4 


should noted here that there is often | a third party, not 


4 


a _ The engineer should keep the interests of “the third party in . 
‘mind, and guard them where it is proper he shoal, of 


as s planned and brought to a successful | conelusion. 


a status of such parties, and should know whether they are being 


fairly treated by the general contractor; and, where their interests 


are at stake, should keep them in mind, _ carefully avoiding just - 
An error that the guard against especially is 


s time, por thus he is kept in good humor and tractable, without the 
engineer really committing himself. ‘This is sometimes the 
4 gineer’s method of managing the contractor, but it is decidedly — 
dangerous, and should not be followed. 
should settle disputes as as possible, and should 
_ There is is room \ for a great deal of diplomacy it in the 


Be ori same op so that each shall be made to think that he is le 
_ treated at least as well as any other contractor. To do this, under 
4 all the complications that come up in engineering work, is some- a 
times most difficult. 
Mah At times, where a contractor shows a dispositi ake trouble, - 
the engineer will make concessions to him that are of doubtful = 7 
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DISCUSSION ON ENGINEERING INSPECTION 


; Foy in order that, should a lawsuit come up oa he may may show Mr, Russel 


specifications, or in the or instructions, is one 
could be discussed with interest. How far may the engineer go with — > 

_ propriety in this” direction? This question often arises in actual 7 

work, and is frequently of great import. — —Itis doubtful, however, if _ 
any generalizations can be made for such cases that would not oie call 


an one in ita field scope, and will useful to the 
profession. — _ Engineering has been broadening much of late, | and 

annexing new territory to the old province | of mathematics — and ao 
_ paper is of the new upon which engineers 


7 ‘that there must be a “clear and definite understanding of what is 

to be done.” Now, this understanding of the two minds is the 
contract. — The written instrument is but a reflection of it, and is 
‘lime clouded by legal phrase or ignorance of the niceties of Eo 
y technical terms. f That printed blank which we fill out is not the con con- 
tract, in the eyes of the law. _ This fact makes blanket clauses a con- “toe 
fession that the minds have not clearly met, and hence the contract 
is faulty, and the doer of misunderstanding and of litigation i is con 


= 


4 


best; or a brief and general is best. 
ee writer supposes that each engineer will ever favor that one of these 
: hich is better in accord with his own temperament. Govern- 
pes 
* ments and municipalities favor the first kind, while corporations and 
firms very often favor the latter. Most engineers will agree that, in 
general, during the execution of work under contract, questions will _ 
-_= which are at least on the border line of the terms of the con- a 
and will raise questions for adjustment. The engineer it in 


= are a crucial trial to reference to these recurring 
questions the writer’s instructions at the outset of his career, as 


— 
4 
treading on dangerous ground, and the engineer should be 
¢areful not to go too far in this direction, as his motives may easily - 
7 
_ The writer hopes that the points thus briefly called to mind will 7 
something to the interest of the discussion. 
each direction an engineer always needs in- # 
struction, and to-day more than ever, 
— 
an — 
— 
iL 
— 
— 
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st ruction 


“You are, of « course, paid the it 

- your duty to stand between ‘the Company and the contractor, and 
say what is right in equity.” Thirty years have almost passed, but 4 
to the w riter the instructions still to be right. ommon sense 


best. polities. _ No contract can be drawn that makes the exercise of ay 


engineers, we cannot compel a contractor to do work not 
really shown on the plans or in the specifications or in the contract. a |: 
Some contractors have done harm to engineers by willingly doing — a 
such work just to cover some sins of omission. ~The whole 
vicious. Ifa mistake is made and some work is left out, say SO; 
it is better for all, and cheaper for the company, to handle this as — 
extra work outside the contract. — The engineer or inspector who © 
~ aecepts favors from the contractor is lost. Blanket clauses are put : 
in contracts to cover just such careless work, but anyone at all a 
familiar w with the la law of contracts knows very well that such at- ys 
tempts are futile, and this fact is clearly brought out in the pay paper. #4 
It is to be hoped that the quoted clause in the elevator and a 
_ plant contract is the very limit of unwisdom in this direction. == 
<a “Absolutism has no place in business.’ » One would think this 
a a were not true if he read some contracts, w here it would seem that the — 
engineer can do anything he pleases | and pass any judgment he secs 
fit. But the courts sometimes make short shrift of such contracts, | , 
and it is readily seen that a “meeting of minds” has not yet con- -- a 
» vened. ‘- In fact, a “printed form,” when used in a contract, biases — 4 
a jury and brands that contract as arbitrary. | As a a profession, we 
need to know how courts and j juries view us and our acts. We need — ia .. 
to get out of our offices and drafting rooms and just “come down to “a 
earth” and mix with the multitude. doing 80 we can better earn 
It is indeed hard to say wh what is 89% and what is 919% when > 
- 90% is the mark at which inspections are passed. As inspectors, in 
our younger years will we not mark it 89% and in our later life 
: mark it 91 per ont ik Can we ever detect that 2% of excellence? 7 


‘be called back and shown that some of our 89% product is as coal - 


= contractor. | An old Irishman of some experience and wear heart 
-- was once inspecting cross-ties and was shown some rejected ties on 
- one side of the pile that were a little better than some accepted ties «i 
on the other side o of that pile. After a moment’ he back 
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DISCUSSION oN ENGINEERING 


isease, is s believ ed in by some, but they : are in the minority. | Thess 
is too much com not it brings 


the cost of inspection thereupon adds much to the unit 
better plan is to do these small jobs by a company force. tigi 7 
The case of the mill inspection of rails cited in the paper raises 
this question, naturally: May” it not cost less to try to make first : 
, iH rate rails than it will cost to make poorer ones and take the chances i, 
of their rejection? Some may have seen grading contractors haul 
dogs into an riper when it would cost less to 


7 terests. His brother, who was the other member of the firm, pret 
is a fool saan will lie at sixty cents on the dollar when the 
fe can form the habit of ‘thinking that 
iy An inspector, not amiaadl’ or “backed up” by his superior, ,is a 
_ man whose salary is money wasted through no fault of his. Honesty, © 
7 capacity, and courage are essentials in inspectors, or in engineers in - 
immed diate charge of th the work. Said a prominent chief engineer of 
_ a granger road to the writer a few years ago, “I have ‘had | two 
hundred and forty civil engineers of various grades on our work 
_ this summer and in not a single case has there been the least sus- — 
picion of dishonesty.” In a quarter of a century of railroad work 
over much of the United States the writer has never seen a dis- 
honest act by an engineer. He has had only one dishonest engineer- 
ing employee—a pay master, and under mitigating circumstances in 
“| foreign country. i WwW ill our friends, the contractors, who are given in; 
careless. expression, please commit to memory these er qual 
of the writer on this point? Capacity, however, is a rarer qual- 
ity. The writer thinks that too much is expected of young 
3 It is not to them. _ The writer 


man. his best have been in. 
using an experienced pile-driver man as an inspector, rather than | 
a young engineer. So, too, for a a ee he prefers a 
first-class carpenter who can read a plan, rather than a young: 
ect or engineer. For such work he prefers an old 
of unusual intelligence, who, perhaps, m Y may be in poor health o 
crippled, but who possesses all his faculties. if he has been and 
long time with the company, so much the better. 


@ 
i 7 a _ masons five miles apart is as foolish as to have one foreman over two _ 
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experience. Years ‘ago a collegian was not to cour- a 
ae ageous, but college athletics have changed all that. - Moral rather a? 
- than physical courage is the kind most required, but they go best 
together in this case. Bluster is the outward expression of pure 


great it m may oy be said that, as a rule, honesty is a matter 
--- eourse with a technical graduate; capacity can be trained into him, _ 
= while courage he must have inherited, in the main. — Pe ee 

‘The author has properly pointed out the fact that tact is an F 

. essential to greatness in the engineering profession. Tact is not 

taught in technical schools nor could it be. . But a little tact might — 
been talked to us now and then to good We were 


is not seen in the later generations ¢ of students, er. later 
years engineers ‘must learn that tact which they ignored | at first. Tact ; 
is ready money where talent is capital. a As a profession we are at | 
fault in not cultivating tactfulness. It is the new learning of our 
=— and the younger engineers should take up the study of 4 
ov right away. _ Knowing a thing is not enough. * One must also be — 


to make others and capital know it, too, and through o one’s own self _ 
a as the instrumentality. Learn a thing, learn to tell it or write it, 
i -_ Jearn to do this convincingly, and, finally, learn to do so in a pleas- 


en, W. A. Aiken, M. Am. Soo. C. E.—It is very refreshing to find 

in this paper a clear note of appreciation of the real value of in- 

 spection; not only of the actual features of any piece of eens 


~ ing construction, but particularly of the materials entering therein. 


i: is unfortunately the fact that many engineers do not 
realize the true value of this latter and certainly equally important — 
inspection, or, if realizing it in a general way, have neither the Jl 
time nor the opportunity to acquaint themselves sufficiently with | d 
its infinite detail, and so unconsciously confound the mere matter — 
with real inspection, of which testing is only a very small 


the opinion, there is nothing more certain, 


for, of “all the specialties of engineering technical 
no other has been so generally brought into disrepute, with ile ‘ 

— “who understand,” by this age’s spirit of commercialism, the domi- _ . 

of which has set up everywhere the false standard of 
Ren cents. Thus the cost of so- -called inspection, rather than the | ty 
ae of service, 1 is unfortunately very often the conclusive argu- Ray: 
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of inspection, than that no engineer would ever think of using ma- 
— 
— 
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ment in deciding a matter which in no way seine be thus in- Mr. Aiken. = 
fluenced. . Inspection that does not inspect is absolutely worthless os - 

itself, and is a complete waste of money. The mere matter of 

‘a testing (relieving the manufacturer of responsibility, as it does in m, Oo 

a great measure) is in many cases an absolute farce, in so far as 
determining the true worth of the material furnished, particularly | 

Mr. Himes states, it has" unfortunately grown into 

"generally recognized practice that the tests submitted are to be of 


The tonnage—in these days often. involving a ie ‘quality of 4 
<i manufactured material—is another feature influencing largely the 
quality of inspection, unless this i is carried out purely upon the basis 
of quality of service, instead of as a . commercial enterprise. — 
the manufacturing plants are crowded with orders, each being - 
pressed for prompt delivery, and, to meet these demands, the manu- sae 
are putting all their efforts toward increasing their out- 
put, with the temptation to disregard its quality, an entirely 
= condition confronts the inspecting engineer than when orders | : 
are few and competition keen. The purchaser demanding shipment, — 
7 - the manufacturer, knowing that among his customers there are 
some whose own or commercially employed inspection is largely 


_ of what inspection should consist) may not realize this, and knowing © 
_ also that others are perfectly willing to accept the manufacturer’s __ 
a features of the conditions which are difficult to meet Le 


though these very customers (due to their ignorance 


f con- 


fale It is under such conditions that 
w hat Mr. Himes designates as “the kicker” develops, but the speaker 
atisfied that this is desirable, although, in his is opinion, its is not 


— by ignoring conditions at the start, involving, as this must, 
the quality of inspection guaranteed (and surely, thereby, the 
quality of material contracted for), the inspector becomes particeps + 
-eriminis, making it more difficult afterward .to pro otest effectually 
let aggravated and intolerable conditions, and making him 7 
_ largely responsible for the attitude of many manufacturers toward ; 
Competent inspectors, even when supposedly hyper- critical, 

2 7 generally so only from the manufacturer’s erroneous standpoint. 
The manufacturers may maintain that they are entitled to a 
such information and facilities as are supposedly _ ee. 


called for by the inspector. 
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4 
r, Aiken. canteens, any information the manufacturer’s possession rela- 
tive to the material to be inspected belongs by right to the a : 
_ chaser’s representative, and may be properly called for without his o 

deserving the name of “kicker,” even though his requests may be 

beyond those made the average inspector. There is con- 

ceivable reason for a manufacturer to refuse information and 


- facilities, as as at times is done, except the one plea sapil it is s not 


such information and facilities | would enable the sss to keep 

better run of the material, and this is worse than no reason at all. 
A manufacturer who has nothing to conceal never objects to furnish- — 
any information relative to material under inspection. 
only i in the case of practices—and, of course, these are 

—that the “kicker’ ” is prominently de- — 

i veloped, and for paras reasons. Also, occasionally, where pe - 

sonal feelings enter into the business relations, the 
and as it were, develops the “kicker” by 
orming 

his with the him into disrepute with his 

Bt - superior who cannot be personally acquainted with the details of © 
every transaction. Y conservative inspector can be sorely harassed 


“ire by a petty- -minded represent: itive of a ‘manufacturer, and and the patience — 
of a Job and the tact of a Talley rand are then necessary to steer a | 

eourse where duty is fully done and opening is for lawful 


4 


Sai al Lae 
he specious pleas of the manufacturer to an y 
even proper ly are many, and in a measure must be recognized from 
7 the former’s standpoint as possibly allowable, but these must not | 
yy influence. For instance, the manufacturer may request the accept- 
7 ance of a small lot of rejected material on account of its size, which — 4 
from the manu ufacturer’s s st tandpoint determines importance ; 
iat or he may requ request the ac acceptance of a similar larger lot of material 
eenenngs its rejection would entail a loss to him. He may also ad-— 
vance > the additional pleas of busy times, the uncertainty when 
‘replacement can be made, and the always prominent plea a that it 
construction will be delayed. Such arguments, in the case of 
structural steel, lose their weight in some mill practices ; very bad | 
ones they are, and in time they must be controlled, when it is under-— 
itd stood that the test pieces furnished often do not represent: any con- 
siderable. quantity of material actually then rolled, though they are 
presumably the melts from which an order is to be rolled later, if — 
tests pass the specification requirements. 
a= the case of final rejection, the loss is really nominal at the q 
worst, ‘the material being to some other order where 
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matter carefully and conscientiously the former may be duis ego 


Complete | and thorough acquaintance with the process of manu- 
aa in all stages, and the assurance that the material. finally 
a : is that tested, is the only criterion whereby to determine proper 
Poy and to obtain this there is no information relative to the — 
material not for and 1 required by 
Under all the stresses to which he is subjected, is ‘more 
“3 ie by him, nothing is more necessary to him, than the © 
endorsement of his superior officer; and nothing, even from the 
most selfish standpoint, pays the engineer | so well in securing 
best service from competent men as the proper support of his i 

ae While may be properly made at times, in the judg- 

= ment of a competent inspector or under general rulings of his chief, — 

“3 the idea that a reason must be found for the acceptance of material, © 
whenever it fails to meet certain specifications, is too often the a : 
tude of the manufacturer. The inspector in charge, knowing as he ~ 1 
should, the use to which any material is to be put, must be the judge. — a 
Any other ‘viewpoint is subversive and d not to be tolerated. 
It is to be hoped that the discussion of this most important des : 

- of work will cause engineers to recognize more clearly the value of | ao 
_ proper inspection, which is undoubtedly of benefit to the manu- a 

7 facturer, who should have common cause with the inspector in pro- 

_ Aveustus Smrru, M. Am. Soc. C. E. —This paper is considerably Mr. Smith. 
its title would: indicate. Besides the relation of the 


to get one’s idea to get what The 
speaker has seen this problem from the viewpoint of the contractor— 
the virtuous” contractor, he hopes it will be ~understood—and there- 
fore will ignore the inspector altogether. 
_ _He will confine his few remarks to an idea that at first sight — 
may appear to be irrelevant, but which has been suggested by two 


statements: “made i in ‘the pa paper. . The first statement ‘is ‘on page 109, ae! 


where the author says; 
“The theory of the law is held by its devotees to be the discour- 


age ment of litigation, | and, in this respect, because of the expense 
and the numerous difficulties and delays in —. a final decision, 
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The law is so perfect in the direction pointed 
4 that, though every contract is based on ultimats 


"DISCUSSION ON "ENGINEERING INSPE CTION, 


again, even if he i is so that ; 
_ those who practice it are making little or no effort to improve it. a 
a At the end of the last century, when, it will be remembered, a general 
_ résumé of progress in all lines and professions was rather a nigel 
subject, the Law w was only profession that had no progress to 
aa The second saideinnnike is found on page 118. It reads: 
ephere is much said about the relations existing between the 
parties to a contract and the engineer, it being generally held in the 


2 ‘ ~ should be no less alert to guard the interests of the contractor than ss 
_ those of his employer. Such a condition is a pleasing fiction, quite 
flattering to engineer and to the contractor. 


‘This is indeed a fiction. Aide from the biasing ‘influences 


pointe out by the author, disputes generally arise from poor speci 
fications, and frequently from lack of knowledge by the man who 
vw prepared the specifications, who i ) is ; then ‘assumed to be impartial in in 


_ interpreting them. What man, even among contractors, can be de- 
_ pended upon to 8 impartial under such circumstances ? WERE: 


the arbitration but that in it is un- 


- gineers found it permissible and expedient to elect with the ‘other 


a contract having cognizance of such 


club settles all questions of fair sailing, a great advance 
membership | of the American Society of Civil Engineers’ in- a 
cludes many contractors and many engineers individually 


fessional who are employed by contracting firms. A decision of the — @ 


contract committee of the American Society of Civil Engineers — 
a would command more respect from this class of disputants than a 
decision on engineering subjects by the Court of Appeals. 
aa legal testimony might be necessary at times, but let it ie 7, 
: the lawyer before the Bench of Engineers on purely engineering ~ 
fe ‘I subjects, instead of the engineer before a Bench of Lawyers who are 
generally quite uninterested and frequently half asleep. 
ae It would be necessary, of course, to provide a scale of fees. for ‘ 
such a committee, properly payable by the contestants, , and, if rs a 
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“thet there i is a tendency in practice. to exact from him what is 


GINEERING INSPE CTION. 139, 
Bixsy, Esq. —Mr. Himes has taken up one Mr, Bixby. 
: of the most difficult and perplexing problems in the engineering = 
_ profession. To outsiders the difficult features of the engineer’s 


= Toes seem to lie in logarithms and angles, in those terribly long 


lines of figures" with signs of all sorts between them and over and 
under them, and in the mathematical features of the work gen- 
erally; but, of course, those things are mere play to the engineer, — 
and the speaker suspects that his real troubles begin when he is 
held responsible for money values, and when he is made a buffer vo 
‘This paper is a very valuable contribution, from the standpoint — 
ad practical engineering. The speaker knows personally that Mr. . 
Himes" began turning these things over in his mind a good | many - 
‘Years ago, for when the speaker first knew him he was engineer 
on the Erie Canal, and even then had the idea that an engineer a! 
oe to work for the interests of his employer. Doubtless he _ 
had some troubles of his own growing out of the practical applica- | - 7 
tion of that idea. At any rate, some other people had troubles on 


ae, | his account. «At that time he used to spend his spare time studying 


law, and he must have studied to good advantage, for his points of a 
_ law seem to be generally well taken. One of the most valuable sug- 7 ’ 
gestions made in this paper is as to keeping a diary on inspection 
_ work, Asa lawyer, ' the speaker will ¢ say that he has never seen a 


e witness stumped on the stand when he had on hand for reference a 


ris” 


nigh an impossibility. _ Wherever engineering is made up largely of a 

; -~~ which is soon concealed, or the evidences of which are soon E = 

: destroyed, it would seem that neither the expense nor the time al- | 

lowed for inspection is ordinarily enough to enable an engineer to” 

give positively the certificates which-are theoretically required from 
him. One cannot get away from the fact that the contractor’s in- _ 
-erest is not that of the owner; nor that the most honest contractor 
_when pinched on his margins will exercise a tendency to pinch on y 


his work. - One must also remember that a contractor owes a duty ms 


to himself, sometimes to his creditors, and that sometimes he is a ~ 
Another point on public work, and often on private work, is that _ 
te certificating engineer has little to do with the choice of his in- : 
-—spectors _ In a sense they are supposed to be his agents, but often: 
_ they are independent employees, and it seems to be hard to exact 
from an engineer a certificate in the.form which, as the speaker — 
‘hee it, is ordinarily required that a thing is so and so as of | 


bis: own knowledge, when he see ev rerything, and is dependent 
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a matter of an engineer responsible for results ought 
te have : at least ta partial voice in the choice of sub-engineers aa 


very to the subject of perfection 
in materials and workmanship. Of course, it is known that there is Fr - 
no alone thing 0 as revises and specifications ought to have incor- 


permitted variations more than they do. 


should it not be expressed? In conditions 

_ frequently quite inflexible. — Sticks of timber and pieces of iron and 

steel must vary, and yet, under a standard fixed for Government 
work, every defective bolt may be a nail in 1 yo ur coffin: if it mm: 


For where hundreds of units are com- 


tract wouk is a kind of judicial that his decizion is like 


Pri oft a court, and that such « decision must be mi ade de impartially betwee en 


“parties. This is refe erred to ‘in the ps paper on page 118. = The 
é speaker does not believe that this theory has any standing in law, 
but thinks it arises from the fact that, as a matter of law, when, | 
under a contract, a question is submitted to an engineer or an archi- — 
tect for decision, his decision cannot be an arbitrary one, but m ust 
be reasonable. In other words, the contract is to do a certain thing 
in aw orkmanlike manner, and if it is 80 done the inspector is on 


; that the engineer, in practice, is very apt to be treated as an umpire, s 
is only is e employed and paid by one side only, bet al 
‘ordinary eases he would be subject to discharge or transfer by one - 
side and not by the other, 
This opens a very broad field for thought. The engineering pro- 
fession is increasing in importance daily. T he great works are 
multiplying so fast that we lose track of them and a mil- 
lion dollars is becoming an ordinary 
a The public is becoming more and more inclined to sities 
these vast enterprises, and, in doing so, it is more and more de- 
pendent o on the engineer. The contractors’ interests also require pro- 
tection. On the face, the contractor would seem to be ata — 
a advantage, for, while the party of the first part can ordinarily call — 
* on the engineer for such —— as may be needed, the — 


— 
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q 

q q 

q standard character, and yet on public works the contract, the 
specifications, and often a statute unite in fixing a standard, and 
when there are such plain, specific provisions it is hard to invoke 
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It is the possible compliment to the 


Of. course, they arise pr enough, and when th they do do they Deetanie- 

a The speaker has in mind one lawsuit now eeitlias between a 
_ yailroad and the contractor, which grew out of the holding up of __ 
final payments which would have been acceptable to the contractor — - 


= at about $100 000. In the suit claim is made for $1 500 000 or more, 
the. contractor: expects to make good his claim to many times 
‘= sum he would have accepted on the completion of the work. a 
Here is a question which often comes up: 
‘portant work a question arises which is obscure as to its solution, 
but nevertheless vital in the progress of the work. That is—the 
~ scope of the question is defined, it has to be decided, and engineering Os, 
_ opinion relating thereto is divergent. Perhaps it has been in the _ 
a - courts and has been decided in diffe rent ways, or perhaps it has 
been left undecided. What is the engineer to do, and how i is he to 
be protected? — The parties ean fight it out afterward, perhaps, but i it 
places the engineer in a very difficult position. 
J. Hines, M. Am. Soc. C. E. (by letter).—It is a pleasure Mr. Himes, 
for the writer to “express his appreciation of the kindly reception 
ce which has been accorded to a paper which, both in subject and in : 
“character, differs materially from those generally presented to the 
Society for discussion. He fully believes that the subjects dis- a 
cussed are of the most vital interest to all constructing engineers, and 
be studied exhaustively with much profit. 
Mr. Russell’s suggestion that ‘the broad question of the proper. 
interpretation of engineering specifications should 
brought up annually for discussion” ? is very pertinent, and is de- 7 


‘serving of careful consideration. = 
’ The industrial development of the country I has been so rapid that 
‘customs affording a sufficient basis for common law have hardly — 
had time to mature; surely not time enough to meet the old English 
requirement that they shall have existed from “a time whereof the ~ 


‘memory of 1 man 1 runneth not to the contrary.” " It t should be the aim 


lishment of wok customs, and thereby purge the profession of al 

_ loose practices and slovenly methods which may lower it in public | 
esteem or hinder it from becoming a stronger force in the 1 social — 

The establishment of a court or “contract committee,” as sug- a 

gested by Mr. Smith, to pass upon disputed ‘queations would be ane 
ideal way in which to establish such customs. That i is —— the | aa 


if he disputes the reasonableness of the engineer’s decision, must Mr. Bixby. 
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be to “That such | would have 
no legal status, is not material, for there is a large class of cases in a a 
G2 which the parties only wish to be assured that they are treated fairly | 1 
and according to custom. me is the suspicion of unfair dealing thet 
breeds the larger ‘number of disputes, and the decisions o of such a 
court would be more satisfactory in their adjustment than the rul- 
ingsofacourtatlaw, 
- Although the decisions of the court would have only the force — : 
conferred upon it by the applicants, in time there would be estab- 
lished a a series of precedents which could not be: ‘ove erthrown by = 
Such a is not without exangle, other than the original 
= of the common law. The British and North German 
had a similar origin, in the association of vessel owners for 
the protection of their mutual interests, and the greatness . of their 
Success the wildest flight of the imagination. 


may be found in the engineering custom of paying 


for materials actually used in the work. _ The custom in vogue 
ong builders and architects of measuring quantities according to 
various arbitrary rules is chaotic and illogical, and i is in- 
ferior to the engineering method. & 
Mr. Aiken has mentioned some of the by 


ys: Le facturers in excusing their products. Such methods, to one _ : 


understands them, appear to be silly, but they cause of 4 


perienced man knows the value of experience, and it can hardly be y 
expected that a dry-goods merchant will be interested in the phos- 
g phorus content of the steel for his new store building, or that a chief 
_ engineer who never saw a steel mill aaa take much interest in rail 
_ Mr. Haring has related some of bie tesublen,. and, perhaps, he at 
- — least will excuse the writer for referring to one of his own, ' 
were large quantities of slope wall to build on three divisions, wr 
one of which he had nominal control. _ The specification was impos-— 
: . sible of execution, and he issued Setenationn: to his assistants ex- 
plaining what should be required. For this he was severely = 
nl cised, it being held that a any such “let up” ’ would afford an =r 7 


ee such good work of the contractors, saying that the men in charge of al a 
b. the other divisions were not so particular. — It is plain that, by usi 


= a little reason in 1 the first case, good work was obtained, whereas, : q 
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- the other iia in attempting the impossible, the result ¥ was a 


failure, and the work was as bad as it well could be. The solicitude — 


of the chief for the welfare of the ‘contractors was the cause of a 


change of management. 


is commended. to the profession. man who does 


not know or cannot describe what he wants should Id get some 2 one 


had else to describe it for him. 


Thompson emphasizes the need of ‘pniformity of practice. 
This seems to be one of the aims of the United States Reclamation | 
Service, and the writer has felt the need of it in his experience. 
- The American Railway Engineering and Maintenance of Way 4 As- 

_ sociation is doing some excellent work in this direction, and its in- 
fluence will be strongly felt in the profession. 

> Mr. Beahan’s discussion has made very clear the meaning of a 
contract and the correct attitude of the engineer. * His words should 

be studied with care. In them the: young engineer may find more of 
value than in a whole library of technical books, 

_ To Mr. Bixby, the writer is especially indebted for his wadiaae: 
ae giving to the Society some of his experience | as an attorney in ~ 
eases involving engineering work. ‘His estimate the value of a 
2 showing the progress of a piece of construction should be im- 

pressed upon every mind. He has also made it clear that an en- 

Dna is 3 not a judicial officer, but that the value of his decisions rests 


words, his authority exists almost entirely because of his knowledge — 
and integrity. If he is lacking in these, his decisions will not stand. 
¥ i summing up the discussion, the conclusion that seems to be 


most strongly impressed upon the mind is that, after having studied — 


“requires that decisions shall be e reasonable. 7 In other 


i mathematics and the applied sciences, after having learned to run a 
transit and become an expert workman, if a man would attain emi-— 
4 nence as an engineer, he must descend to the level of a | newsboy and 
study human nature. He must begin at the bottom and seek to 

_ understand the ways of men, as individuals and as | social units. 

J He must acquire a knowledge of the laws of society and adjust him- 
self so that he may move and act in harmony with its highest aims. c 
Until he does this he is like a porate i in a pot-hole forced around and ~ 

around by the rushing torrent. — - When he finally discovers his true 

a position, w shen he discerns his correct relations to other beings a 

his surroundings, then, like an atom in Nature’s chaos, he may 

select his affinities, unite in harmony with others and crystallize 
into a bulwark of society against which the tide de may surge and the 


« 


storms may beat, but over which they will n not prevail. 
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No. 1019. 


TEST oF A THREE-STAGE, DIRECT- CONNECTED, 
CENTRIFUGAL PUMPING UNIT. 


Pamir E. Harroun, M. Am. Soc. C. 
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ion and bring out the results of other 
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4 hes never been able to obtain authentic data which would support: 


these claims. In fact, he has thought that an ‘efficiency of from 

> to 0 60% was alidioas exceeded, and that the average efficiency of the _ 

‘commercial pumps turned out was far less. 


During t the autumn of 1904, the writer, | while on a trip through 


_ = of aCe and 80%, and even higher, for their pumps, | but the writer 


the San Joaquin Valley, had the opportunity « of in operation 

some eight | or ten centrifugal pumping units, and, with the avail- 
_ able instruments at hand, endeavored to obtain their efficiency. 

4 These were all two-step pr pumps, with o one ‘exception, 1 which y was 8 a 7 


three: -step. They were all direct: -connected induction ‘motors. 


Presented at the meeting of 7th, 
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to de various towns in which they w were located, and were ee a 
to stand-pipes or tanks a constant volume under a practically con- a 


stant head, and were in continuous service. The two exceptions 


were irrigating units, 1 “under the same conditions as to volume | and 
head, but probably an average of 6 months in 


‘As, in these instances, the service was practicall 
s, in lese ins ances, 1e service was prac ica y con- a 
tinuous, and both the volume and head were constant, these units 


ow were probably selected from stock, or designed to give a maximum 
efficiency for the volume and under the head in each particular « case. 


The observed efficiencies « of these units ranged between 25 ¢ and 45%, ; 


with an average 0 ge of about 35 per cent. "a The writer had some hesite- “a 


tion in accepting fully the individual results, owing ‘to his: having 
no facilities for verifying the instruments used, and the 2 necessity 


0 “accepting the statements of the owners as to certain essential 
factors; at the me t time, | believes that the results he 


‘obtained are practically correct. ta view of these facts, the writer 


was especially interested ‘when ‘the opportunity arose to test the t unit 


mentioned in the the following. > 


The unit consists of three- -stage, centrifugal 


connected to a 25- h. p. DP. 9 phase, 7 200 alternations, 200-volt indue- 

tion motor, making 1120 rev. per min. Tt was buil built for use as a > 
mine drainage or sinking pump, to operate on shaft. 

* he photographs, Plate VIII, show the unit in detail as it was set 


up for r testing, and also indicate the he approximate angle of operation. 


‘The contract for this simply provided that the 
.. and that 
Upon being retained by the purchasers" to test the unit, the 
writer examined it in the place where it had been set up and was 


being operated by the makers. examination on showed that the 


‘ unit was apparently delivering 240 gal. per min. at a head of 180 ft., 
and the failure of the unit to meet the prescribed requirements was 
‘stated by the makers to be lack of speed in the motor due to the 


excessive transforming | of the current used. Under these circum- 


stances, the writer refused to > conduct the 1 test until the aces 


ecified should have been more nearly approximated. = kor 
_ The writer also found that the facilities for testing offered ra 
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te 
the makers were not edeqeatn,. , and he then sought permission to 


a eon conduct the test at the Mechanical Laboratory of the University 
= f California. T This permission was readily granted by the Depart- 
ments et and of Mechanics, and, “after considerable 


a « ‘objection on the part of the makers, their sanction was also obtained. a 
«a Before the pump was shipped to the laboratory for the test, it 


was retained by the makers some two weeks, and during that. time eo 


changes were ‘made by them in the | “pump, or motor, or | both, to 
bring them up to the requirements of the contract. Immediately 


a prior to its shipment it was examined by the writer while in opera- 
tion by the makers, and, according to their mnessurements, not 
verified by the was fulfilling the requirements 
of the contract. 
the laboratory the unit w was set and run during the test by 
ce representative of the makers. ‘The control of the Depart ents of 
and of Mechanics was exercised by Professor J. N. Le 
Conte, assisted 1 by Mr. C. FR Gilcrest, in electricity; while the same _ 


services were exercised by the writer on behalf of his: clients, the 


"purchasers. Arthur: r L. Adams, M. Am. Soc. ©. E,, Consulting — 


“Hydraulic Engineer, was also present throughout t the e1 entire test. 


to 
4 insure the correctness ‘of thet results obtained, a 


question on that score. 4 For the measurement t of | power, 
were used. In the determination of the 


ults were 


for © a coefficient determined by Professor Le Conte for this 1 par- 

giv es slightly g greater results than the Francis: 


» 
Table 1 gives t the re results obtained, and the ‘diagram, 


same items. At the head for which the was de- 


signed, 200 ft., the ‘discharge was 190 gal. per min., and the com- 
bined efficiency was | 34. 4.2% 5 0 or, » taking the motor at 


Iti is very probable that | the maker of this pump considered it his 
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OF CENTRIFUGAL PUMPS. 
indicated by the changes made in it during the two weeks it w wa ae 
_ held by him prior to the test, and also by the probability that he | ' 
‘would not have submitted it for such test had he deemed it other- ; 


x wise, | That it fell so far short of the maker’s expectations, is due, 7 
to some extent, to the crudeness of the apparatus by which the shop : 
tests are made. It is much to be ‘regretted that the test was was not 
conducted through a greater Tange, bi but it seems probable that this 
‘pump sh should be rated at 400 gal. per 1 min. at 130 ft. t. head, ond, - 


allowing 90% ‘efficiency for the motor, 41% would be the maximum 
efficiency of the pump at this rating. 


test is specially interesting to the writer, in view of ‘the 
approximate tests previously ‘mentioned, and, in connection with 
z them, he believes that 35% may be taken as a fair average of the oa 
‘efficiencies obtained in the actual operation of these units in this _ 


it seem reesonsble to expect that, for emall a wu 
tested, a ‘pump efficiency of from 55 to | 60% ‘should have been ob- 
tained, OF, BAY, 50 to 0 54% for the combined unit. If $50 per h horse- 
t} "power per annum is s taken as as | the cost of power, ‘the annual change 
for the unit. tested is $1 450, as against $1 000 for a unit of 50% a - 
efficiency, and the annual saving in cost of power, by a unit: of 50% © Pa 


“efficiency, would have returned the: entire cost of the one tested 
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“Mr, Richards. Esq. (by letter) —The by 
Harroun were conducted at considerable expense and effort to 
educate engineering students in the University of Ocliforaia, bet 
ie * they might have served a more useful purpose had they been directed 

_ toward solving some of the present problems in centrifugal pumping, — 

_ instead of testing the efficiency of a commercial pump, of which not a 
even the construction is disclosed, and which, for that reason, cannot — 


discussed on technical grounds. 


_ The writer feels warranted in this —s because in August, 
ie he proposed to send to the faculty of the University of Cali- ee 
— several pumps, not made for sale, but for experimental pur- 
poses. These pumps were arranged with adjustable and removable ~ 
dispersion vanes, with throatways finished smooth, and adapted for — 
oer of different experiments, rel: ative efficiencies. 


ors at various heads and rates of off of the 
“a balancing vanes on the back until | the impeller is in | 
jibrium, and no thrust. 
—3-in. pump. With guide }-in. throats. 
 3.—8-in. pump. With guide vanes set for 4-in. throats. 
4—Remove outside vanes and open impeller at the sides; then 
repeat Experiments 1, 2, and 3. 
5.—Connect 4-in. discharge to this remove 
vanes, and test for heads from 10 to 50 ft. 
Experiments 6, 7, and 8 to be defined later. 
ea -in. pump. With dispersion vanes removed. Cut off back 
vanes on this impeller to balance, as in the 3-in. pump, : 
10.—2-in. pump. With dispersion vanes for }-in. throatways. al = 
11.—2-in. pump. dispersion vanes for }-in. throatways. 
12.—Second 2-in. pump. With single issue (Pump No. This 
a novel now the subject of a 
13.—3-in. four-stage pump. Right with one, two, 
three, and four impellers, with and without dispersion 
vanes, at pressures from 10 to 150 Ib. per sq. in., and 
A 


4 experiments had been made which had offered material aid to = 
art; that highly useful experiments had been made in France and 
_ Switzerland, but were mainly in private interest; that it was not 
- intended, in this. case, to try a certain construction of commercial a 
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pumps, but that the machinery, except in 13, had Mr. Richar 
made capecially for the purpose and for no commercial object what- 


= 


To this communication the writer no ‘response. 


‘Switenland a table of quantities results prepared by the makers 
of a compound centrifugal pump, that is, two pumps in series. 


: ‘This table was prepared, | ‘no doubt, in entire good faith, but the 


laconic “received from the Swiss engineer was discouraging. 


REV. PER 1800 TO 2000,” 


Fro. 2 


‘ produce the result pt and if they do in California it must ie 
Another case may be mentioned. Two small were pur- 
chased from different makers to opera 


te against a head of 100 
and were guaranteed to operate at an efficiency of 70 per cent. ss 


The pumps were put into the hands of a careful engineer engaged 
in such tests, and the efficiency attained at the head named was — 
7 - nearly identical with that given by Mr. Harroun, 34 per cent. Table we 
2 gives the results pehagpine e tests by Mr. Benjamin, of New York. as 
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Mr, Richards. _ centrifugal pumps, with their operating surfaces rough, il water ’ 


CH 


a Revolutions Gallons Electrical Water -Approxi-- 


i 


113.8 9.78 
106.5 9.67 


9.00 


7.92 


ts 
.08 ‘He 
EST OF 2-INcCH CoMPOUND CENTRIFUGAL Pt U MP. 


1217 52.75 108.3 13.38 3.33, (24.9 31.0 


Centrifugal pumping, although only a little more than half | ie. 
— old, is fast falling into a scientific form and a standard — 
7 construction, modified, of course, by the circumstances of use. 


a There s seem to be left, in fact, but two constructive features ee 
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sometimes called; and’ to an of the impellers 
ios The phenomena are, the effect produced, on a stream of water = 
- moving at high velocity, by roughness or irregularity of. surfaces; 7 
these features and phenomena there are the conditions 
of adaptation | and endurance, which, in a sense, are ‘determinate, 
and are not problems, but matters of skill and engineering eaudl Ma 
It cannot be expected, nor is it possible, to diecuss present 
features phenomena mentioned, as it would ‘require diagrams 
and other means of illustration n not at hand. 
The writer constructed on the Pacific Coast, and successfully ss q 
applied i in actual use, the first, preem centrifugal pumps, of which he 


is any knowledge. At his own he has made two trips to 
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“contributed a great deal in effort and money to improve 


pumps, , and thinks he may fairly claim to have added something to. 
the art. The emoluments have been inconsiderable, and he is not 
engaged in or interested in the manufacture. 
practice on the Pacific Coast, while early and extensive, 
cannot at the present time be called advanced. The pumps required, — 
being mainly for irrigation and rough uses, good enough, per- 
oh aps. _ They are, toa great extent, , bought and used for a few months — 
_ of the year, and stand neglected for the r remainder. of the ion. 
‘Such things are determined by natural. adaptation, and must be so 
oo centrifugal pump, finished in its operating zone, or provided © i. 
with dispersion must cost at t least twice as much a: as one ne with- 


It is strange that little or no investigation of in subject h: 
been made in the numerous scientific laboratories of our day. The 


a 


lateral thrust on impellers was the subject of some very interesting _— 
experiments made at the University of California in 1887 and pub- a 
lished in a bulletin entitled “A Hydraulic Step.” Other 
o~ ‘ments, so far as known, have been made, as in the present case, — 
to determine the effect of commercial machines, and consequently — 
are of no especial value. . In other words, they affect only a particu- 
wir 
The machines offered to the university are of a purely experi- _ 
mental nature, admitting of a dozen or more modifications. They a 
: are now stored in San Anselmo, waiting a time when the writer can -, 
¢ = the proposed experiments. The machinery also includes ap- _— 
-paratus to determine the practicability of combining air and water, a g 
‘subjecting this combined fluid to centrifugal force, and then separat- 
_ ing the air at the pressure due to the centrifugal effect. __ Sak 
_ The importance of this last-named operation will be at once per- 
ceived. - The suggestion of such a process came from a well-known 
engineer of San Francisco, and _the apparatus: was constructed 
- nearly two years ago, but not set in operation except to determine 
its capacity for speed and endurance. 
_ The apparatus now at the University of California, together with 
what the writer proposed to furnish, would have constituted a very 
extensive outfit, and provided for much useful inv estigation, 
_ This brief discussion will be closed with a remark al the “Shib- 
boleth” of “efficiency,” as applied to centrifugal pumps. Efficiency 
is but one of many conditions to be considered. Adaptation and 


endurance are equally es essential. A centrifugal 004 operate eat 


a high necessarily limited to special ¥ 
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g will siillns 60% of the owe: applied is likely to be the best meahien 
ny to buy. The efficiency attainable in various uses is from 40 to 80%, : 
being” lowest in ‘dredging machines, but the strange feature of the 
matter is the constant inquiry respecting efficiency. A customer will 


_ go to a maker or dealer in om gre nag pumps and purchase one to 


it be so pro a test Son centrifugal pumpet 
Marx, M. Am. Soc. C. E. (by letter) —This paper brings Prof. Marx 
out the fact clearly that ‘centrifugal pump manufacturers (and, 

that they do not differ much from other manufacturers) are 
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“cannot in an test. Sometimes the purchaser is 
- fied with the guaranty and the name of the manufacturer, and makes © 
no test. This method is alwa ays very satisfactory to the manufac: | 
turer. Sometimes, however, the purchaser is foolish enough to 
employ an engineer, who proceeds to find out if he is getting, for his | 
employer, what the manufacturer has agreed to furnish. In many 
cases there will be disappointment on both ‘sides. The manufacturer 
will find that, whether unintentionally or not, he has promised more > Me 
than he can fulfill; and the purchaser will probably find himself 
_ eemapelied to adopt an inefficient plant, because of the delay and 
_ trouble incident to change from one type of construction to | another. 
The writer is not stating an imaginary case. couple of years 
ago, bids were invited for the enlargement of a a municipal | water-_ 
works in California. The engineer in charge of construction, in 
his call for bids and in his specifications, merely stated the require- 
m ents to be filled, and left the individual bidder free to offer his 
own solution of the problem. . Among other requirements | was one— 
—ealling for the pumping of from 400 to 800 gal. per min. against a 
ranging from 116 to 232 ft 
— One of the leading manufacturers of centrifugal pumps on the 
Pacific | Coast guaranteed to furnish a single centrifugal pump 
capable of doing this work with a pump efficiency « of 65 per cent. . 7 
The original contract for this work specified one pump fitted with 
two runners 80 as to obtain two ange 400 and 800 gal. per min., 


the engineer’s report: to the town officials: 


“The firm, how ever, was somew hat hesty i in making this cmane, 

*1 for when they came to making the design they found that aan 
gould not meet the requirements. — In lieu of this they offered to : 
‘ ‘supply us: with two pumps, one to operate between 400 and 600 gal. 

between 600 and 800° gal. per min., an 
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This would be somewhat more convenient us, on 
~ account of making changes when necessary, and I agreed to the 
change. One of these pumps was made, but when tested it was 

6 y found to give not more than 50% efficiency, so that the firm is now 

fi fitting the pump with new bronze runners polished inside and out.” 

test of this pump gave an efficiency (ratio of. water horse- 
power to horse-power delivered at the p: pump shaft) of 62. 9% when 
pumping 603 gal. per min. against a total head of 110 ft.; and 

57.3% efficiency when pumping 437 gal. per min. against a head of 

116 ft. same pump, pumping 435 gal. per min. against a head 
- 7 of 220 ft., gave an efficiency of 49. A%, and, when deliv ering 620 gal. 


per min. against a head of 217 ft., the efficiency was 57.5 per cent. - “= 


> a As the result of this test, the manufacturer submitted a supple- 
ay mental agreement which he wanted the town authorities to sign. 
Tn this occur the following phrases: AS 
“Also. because. ‘the contractor found it difficult to meet the con-_ 


— efficiency of 65% in a single pump for the large range of — 
capacity of 400 to 800 gal. per min., and also the large range of ‘ 
head, 116 to 232 ft., when making all deductions under the rulings — 
“Tt being further conceded by both parties to this agreement 
5 that it is a difficult matter to make one centrifugal pump meet 
a these specifications when being driven by a belt from a line shaft of 
only one speed, to wit, 300 rev. per min. 
| oe “But at the same time, both parties to this contract believe that 
_ 4 a centrifugal pump is best adapted to this service when the exact | 
quantity of water and head to be pumped against are fully 
The inference, from the last clause, naturally is that the engineer 
F a did not know the quantity | of water to be pumped, or the head. 
Since both head and quantity are likely to vary within wide 
limits in a municipal supply, the conditions were stated in the © 
specifications. - The pump manufacturer was familiar with them, 


gave a guaranty to fulfill them and failed to do 


Mr, Adams, Arruor L. ADAMs, M. Am. Soc. C. E. (by letter). —Mr. Richards, 
in his excellent discussion of Mr. Harroun’s paper, questions 
value to. the profession of such a test as that described, | because it 
attempts no analysis of the causes leading to the failure of the unit | 
- to attain a high efficiency or to meet the requirements intended by 
both its purchasers and manufacturers. The writer, on the contrary, — 
considers ¢ that all such carefully conducted tests are of great value. 
To the mechanical engineer, highly specialized in . the design 1 of 
~ centrifugal pumps, they contribute little, but to the engineer in _ 
Ss general lines of practice, who is frequently called ae 


of not often identical in different cases, it is of ‘the 
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may expect to the pumps of the better 
known manufacturers, constructed with full knowledge - ' the con- 


7 ditions under which they are expected to work. ree ae, 
i Exact information of the ee) set forth in the paper is the 


First. ‘of the broad | of high ficiency to 
- 80% for the pump alone—which are put forth by the manufacturers 


Second. but a small proportion of installations are ever 

actually 1 tested after their completion, and very few reliably con- 

ducted tests are of record; 

i. Third.—Because it is a fact, known to many engineers. coming 
into contact with such installations in California, of which there 
are a great many, that it is most exceptional for efficiencies ap- _ i 

_ proaching the before-mentioned claims of the manufacturers: to | be — 

attained under ordinarily good working conditions. 


The centrifugal pump is splendidly adapted to meeting nity 


-- ments in certain fields of service. — Those fields are doubtless — 


- great importance, that engineers may be able to restrict their use 


desires to state that, to the best of his knowledge, such a letter was 


being applied it in the manufacture of isa 


‘ to the province of their real merit; and concerning this the paper 


> 
an offer were » made, the ‘apparatus ‘would be e gladly 

and any tests that Mr. Richards might desire would be made. The 7s 
Department of Hydraulics is always most grateful for any additions 

to the laboratory, and there is no doubt whatever that the experi- 7 
ments mentioned can be made, as the results of the tests on Pel elton” 


G. Harrrs, M. Am. Soc. E. (by letter).—It is a matter Mr. 
to be regretted that, under the pressure of severe competition, manu- 
De facturers of centrifugal pumps claim, and will often guarantee a 
greater efficiencies than their machines can give; but there is no — 
_ hope of bringing about the desired reform 1 except by enforcing these 
- guaranties. If this were commonly done, it would result i in a two- 
i fold benefit : first, by preventing a mild degree of fraud on credu- 
lous purchasers; and, second, by ultimately improving the machines, 


until the efficiency is brought ‘up to what the well informed believe _ 


N. Le Conre, Esq. | (by letter).—In reference to Mr. ; 
~ Richards’ communication to the University of California, the — 
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DISCUSSION ON EFF ICIENCY OF CENTRIFUGAL PUMPS. £ 
Mr. Harris, the equivalent of the ‘clause were inserted in con- 
tracts for the purchase and installation of centrifugal pumps, the — 
makers would be very conservative in their guaranties of efficiency, — 
and, further, it would reveal to all parties concerned an economic — 
principle often neglected in the cost of various 
the power delivered to the pump shaft by 
the power (due to the pump) in the water taken immediately after — 
leaving that portion of the plant for which the contractor is re- 
_ sponsible; and should this efficiency not be realized, the deficit, 
under normal working conditions, shall be estimated ‘in horse 
powers, and, assuming the value of lh. p.tobe ($ annum, 
~ the present ‘value of such a sum, paid annually for 4 years, shall 
be estimated under a rate of interest of ( ) per cent. per annum, — 
- and this sum shall be deducted f from 1 the contract price of the pump- 2 
a corresponding bonus should be offered for exceeding | 
stated efficiency, the 1 rapid improv rement of centrifugal p pumps would | 
be assured. Much of the fault is due the or igno- 


regard to needed experimental little is known 


— 


a 
— be found for revolving disks varying in diameter, surface 5 
4 finish, and speed. | Considine the value of such data, the cost of » 


‘the necessary apparatus would be small. ss 
‘The answer to Mr. Richards’ question, as to why diene 
©, be insisted upon in centrifugal pumps and not in direct- 
_ acting reciprocating pumps, is that the cost of the power going into | _ 
centrifugal pump is very much greater than that going into a 
=_ acting pump; the latter is a cheap affair i in ner cost, taking — 
al pump there 
be a rotating engine of | some sort, and, if the pump is driven 
by electricity, there must be the prime motor (steam engine or 
water-wheel), the dynamo and the electric motor, es 
Noting Mr. Richards’: allusion to a scheme for compressing air 
* by combining air and water in a centrifugal machine, the writer : 
4 would call attention to the Appendix* to the paper entitled, “Theory — 


> _ of Centrifugal Pumps and Fans,” where such a scheme is somewhat © 


Professor Le Conte was” probably too modest to mention his 
excellent. ‘report of tests o of centrifugal pumping plants published 
in the United States Report of Irrigation and Drainage ee 
i. 1904. Such matter is scarce and valuable. 
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W. B. Grecory, Ese. (by letter).—The writer has not had any any Mr. Gregory. 
experience with three-stage pumps, but, during the summer of 1905, 
he tested a two-stage, direct-connected, centrifugal pumping unit. 
_ This pump had 6-in. suction and 4-in. discharge pipes, and was 
en by a direct- current motor on | the ‘same bed- ‘plate. The « dis 


near the pump. The suction was measured with a vacuum 
gauge on ‘the suction pipe near the pump; both gauges being care- 

y! ow The total head by reducing these observations 
‘to feet of water, correcting for the difference of level, and adding to 
the difference between the velocity heads in the discharge and 
- guetion pipes. Thus the pump is given credit for the velocity head — 

produces, as well ¢ as for pumping the water against pressures 

equivalent to the g given heads. ¥ 

de The water discharged from the pump was measured by an 18-in. 

Cippoletti weir, placed in a tank with baffle plates arranged so that 

_ the water flowed quietly to the weir. The depth of the water over 
the crest of the weir was measured by an accurate hook- -gauge. a ox 
. The electrical readings were obtained from carefully calibrated 
instruments. _ The electrical losses were measured and corrections - 
The friction i in the pump and motor was s obtained wh when the ne pump = 

= as not primed, and, in getting the ‘efficiency of the pump, one-half 
was charged to each, assuming the friction to be constant for all ; 


TABLE 3.— Two-Stace TURBINE Pump. 


eet. 


Efficiency of motor; | 


inf 
rin f 
in cubic feet 
ge. 


uction, in feet of | 


Am peres. 


af, 
Discharge, 
Depth over weir, i 
per secon 
arcenta, 


— 


Efficiency of pump and 


‘motor; percentage. 


percentage. 


Efficiency of pump; 


Discharge, 


2.20 
3.06 
6.46 
8.72 | 1 
10.20 
12.23 
13.48 
14.95 
16.20 
247.5 | 48.97 | 18.01 
254.2 | 45.17 | 19.37 
260.5 | 46.81 | 21.01 
264.0 | 46.88 | 21.58 


tom 


eessssssssss 
a8 


& 
_ 
= 
x 


| 

| 

3 | = 

ifm 
950...) 1.000 | 140 6.2 | 142.8 
978 | 188° 0.0 | 147.6 50.2 | § 

10:00...) 967 | 186 7.3 | 139.1 51.9 4 

955 | 134.8 5.7 | 130.3 53.1 
10:06:.. 960 | | 120.7 50.6 — 
10:09...) 960 | 134 2.5 | 111.5 48.3 
10:12...) 956 | 138.5 31.0 | 101.6 45.7 — 
956 | 133.5 7.8 | 82.0 38.1 
40:21... 949 | 182.5 16.3 | 72.7 | 35.1 
949 | 132.5 4.7 | 62.9 30.8 
949 | 132.5 53.1 25.8 vente 

949 | 132/38 16.2| 46.7 22.4 


‘DISCUSSION ON EFFICIENCY OF CENTRIFUGAL ‘PUMPS. 
Mr. Gregory. taken, with discharge valve 
'- ‘aa then opening it slightly, and again taking observations as 
soon as all the conditions were constant. _ This siainial was con- 


tinued until the discharge valve was wide open. 


al Some trouble was experienced v with the thrust-bearing on account: a 


of heating, but the test was not interfered with seriously. Wee 
Be. < vs discussion of the efficiencies of centrifugal pumps in gen- 
eral is of great interest. The writer has had considerable experience — 


in testing a great many varieties of these pumps during the lest _ 
ten years. Before entering into a discussion of results, it will e 


W vel to define exactly what is meant by the term efficiency, which, 
TEST OF TWO-STAGE TURBINE PUMP 


Efficiency, percentage 


0 8 0.9 1,0 11 1.2 1.3 14 
in Cubic Feet per 


in general, is the ratio of the output of a pump to the energy fur- 

to the shaft. With pumps used for elevating water it seems 
te be fair to use, for the output of the pump, the useful work, or a al 

certain number of pounds of water actually raised through a dis- 

tance, measured in feet. If the first quantity is expzessed in pounds ~ 

per second, the product of pounds by feet of head, divided by 550 

will give the horse-power corresponding to the useful work of the 

pumps. Usually, the water is discharged with appreciable velocity, — 


 qaalied to the pump, the head cnateabens to the velocity of dis- 
charge must be added to the height through which the water is 


elevated to o obtain the total head. By either of foregoing 
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oe osses in the suction and discharge pipes are pecan to the pump. ae 
ie In testing pumps in which the velocities are high, as in the case : 
of hydraulic dredges, and in ease where the is to 
eliminated from its special arrangement of piping, the total energy Be =a 
i developed by the pump is desired, so that comparisons may be made a he 
the pump performance only. In such cases the pressures are 
d near the ‘pump on the and pipes, the 


quantity of water discharged is measured. From: these quantities 
the velocities in the suction and discharge pipes become known, and — 
a the total output of energy may be computed in in the manner d 
scribed in the test of ‘the two-stage pump, stated previously. 
When low velocities are used, the difference between the total energy 
» and the useful work will often be small, particularly if the suction 
: a pipe is enlarged \ where the water enters it and the discharge pipe is 


ae 
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enlarged where the water leaves that p pipe. With the high velocities Woe f e 

we used in dredging, the difference between the total energy and the ei 
useful work is much greater; often the discharge level is practically — ait, 

that of the ‘suction side, and the useful consists: 


energy This be in comparing 
‘The writer . has tested large pumps, for elevating water, 
which had efficiencies as high as 75% when based on useful work, if 
Such pumps are not at all common; they are the exception and not — 
the rule. From 60 to 65% represents more nearly the av erage case, 
and it is not at all difficult to find ogee which fall much below > 
these figures. 
‘Tests of pumps used in hydraulic were made by the 
‘Mississippi River Commission in 1902 and 1903. The total ef- — S 
' aa ficiencies were found to range from about 57 to 68% in the various _ 
These results are very good, and will compare with those 
obtained from many centrifugal pumps ‘using lower velocities. The 
pumps were and the diameters of the discharge nines 
Dunham. H. F. Am. Soc. C. E.—If the speaker is not mis- 
Sate: tees author has failed to. mention the size of the centrifugal 
pump or the diameter of the rotor. Dimensions and capacity are a 
a. so closely related to the percentage of efficiency epunereae: that it 
would be well to include them when possible. _ The speak 
Timited acquaintance with centrifugal pumps and thei 
does not coincide very closely with the author’s experience. a The : 
a manufacturer usually knows pretty accurately, from his own shop | 


a or published tests, the efficiency of the pumps that he puts _ 


upon the market, and, while now and then an anxious salesman or 
aman not anticipating any check upon his statements may be ex- 
er  travagant to the degree indicated, yet the speaker believes that gen-— 
‘ae erally, in the East, it would be difficult to find a manufacturer who 
claimed 50% for a small centrifugal pump. W hen the capacity _ 
_ much increased—perhaps to a No. 7 or No. 8, in which the number — 
- indicates the diameter of the discharge, and the working head is not 
ery great—there might be some assurance from reliable manufac- 
turers of an efficiency approaching 50 per cent. It would be of .. 
_ interest to know whether the maker of the pump in question first put — 
it that t guaranty of of efficiency, or whether the guaranty wen 
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— a fore, that, in the case of dredge pumps, the total-energy basis mu 3 q 
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fications for centrifugal pumping machinery. . 1 There is comething 
radically wrong with specifications as they are now ‘written, or with © 
possible, should build pumps which will fulfil the terms of the speci- — 
fications to fit the best pump on the market; or pump makers, if 


5 possible, should build pumps which will fulfil the terms of the speci- 


fications. is embarrassing alike to maker, purchaser | and en- 
_gineer to have a pump fail to meet the specifications. _ Experi- 
- mental data of this kind are pr nt extremely valuable, for while 


- such information may or may not aid the mechanical engineer in 


can be expect ted from ‘the eentrifugal pumping unit 


G ia data set forth, the writer en to add the results ot some ex- 


periments which he made during the summer of 1905 with cen-— 


trifugal pumps working against low heads. These pumps also 


« differ, in that they pump sewage, whereas those described pumped iy. 
a clear water. The pumps tested are duplicate 8-in. centrifugal pumps 


a of the ordinary type, with a suction of about 8 ft., and a discharge — 


head varying from 11} to 37 ft. They are direct- connected to ver- 

tical, compound, condensing, high- speed | engines. The engines are 5 
_ supplied by steam from oormes in an adjoining room, the boiler 


plant would show a aay of 25 000 000 ft- lb. per 
_ sumed. ‘The plant was also required to pump a curtain number of a 
gallons against a given head. _ During the acceptance test the duty od 


- fram the pumps was found to be as shown in Table 4. | —, 


Length of Run,| © Duty. Length of Run, 

Duty. 


24 160.000 
24 121 000 24 280 000° 
23 960 000 24 264 000° 
24 400009 | 18 24 100 


facts usually known to the Mr. Dunham. 
builder, who was thus drawn into the discussion and led to “take 
a the result. The speaker recognizes a wide difference — 
between ordinary oral “claims” for efficiency and the incorporation - 
of such “claims” in the terms of a contract. 
Ports, Assoc. M. Am. Soc. E. (by letter).—This paper Mr. Potts. 
q the discussion it has brought forth have added valuable infor 4 4 
= 
4 
a 
=i 
va 24 000 000 24 040 000° = 


ISCUSSION | N EFFICIENCY OF CENTRIFUGAL P 
At no time, as will be seen, did the pumps fulfil the — 
for duty; on the other hand, they were of sufficient capacity | to de- 
liver, against the given head, one-fourth more sewage than required — 
_ by the specifications. _ Under these considerations, the pumps were - 
accepted and installed. This acceptance test was made in August, — 
ie with clear water, while the pumps were yet new, and | before 
After the pumps had been running for nine years, the w writer - 
gave the plant a thorough test, to determine the present duty of the he = 


_ engines, and also to determine what quantity of sewage they would — a 


- pump against: the head then existing These vests were necessa: 


tions per minut a 


q 


Discharge, in Gallons per Minute 


making the tests adv antage was taken of this the 
head in the pipe was varied by a relief valve near the pumps, so as 
to give different heads for the tests. The flow was measured by 
the ordinary weir 1 method as the se ewage entered the y pumping cham- 
ber. The pressure in the discharge was taken by a pressure gauge. Pr 
A gauge also gave the suction head. The engines were caine 


— with indicators , cards were taken continuously during the tests 


tre 
tm 
as the sewage flow had seemed to exceed the capacity of 
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Head in feet_ 
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ON EFFICIENCY OF CENTRIFUGAL | PUMPS. 


“4 ie ™ Potts. and careful ‘measurements Sof the coal and feed water were ah. 
bane this portion of the work being i in charge of M. J. A. Wheeler, M. E. 


coal used was buckwheat anthracite costing $3.19 per ton of 


| Head, | burned ‘Discharge, Foot pounds foot-pounds | 
in feet. | per hour, per hour per 100 Ib. 
in pounds. coal, | & 


716 400 650 000 18 330 


737460 =| 19720000 | 18650 | 
800 000 “15650000 | 


lables 5 that the « dt now is is only about 13 000 


revolutions 


gallons per revolutions | gallons per || revolutions | gallons per — 
per minute. i 


per minute. ‘minute. || per minute. | minute. 


Table 6 oe the relation between the speed, in rev olutions per _ 
minute, and the discharge, in 1 gallons per minute. — - This relation is 
shown graphically in Fig. 6. Ee) 


study of Table 6 and Fig. 6 shows the relation between 


The efficiency, of efficiency of the combined 

- pump and engine. This efficiency varies from 45.2 to 56.8 per cent. — 

curve shows the cost to be 50 cents per million gallons: when 
the head is zero. * This * so because the engine drives a generator 
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‘for lighting ain, ten cost of which i is thus expressed at 50 cents Mr.’ Potts. 
4 per million gallons. This amount should be deducted from the coal tt 
cost, if the cost for pumping alone i is 
Dury eA, JR., M. Am. Soo. 


‘wishes to add to the discussion of ‘paper | a a diagram, 
Fig. 8, test, made Mr. A. Hicks, of a single-stage 


rest NO. “CENTRIFUGAL BY L.A. HICKS, E. 


4 Head. in — per Inch. 


cussion of the paper, “ An Basal of the Legitimate Use of Water 
for Domestic Purposes.” ‘ * As there stated, these pumps 
for and are under quite uniform con- 


‘ 
— 
— 


Mr Duryca. ditions ot head or pressure. The pumps are direct-connected 
thus having a ‘uniform motive power. 


‘the discharge valve. he pressure with the entirely closed 
was 494 lb. per sq. _and with th the valve wide open it was 7 Ib. 
‘Two check tests (shown by crosses on Fig. 8) were made, in which 
_ the pressures were created by a stand-pipe. The suction head i 
measured by a gauge, and a correction of 1.29 ft. was added for the — 
vertical distance between the centers of suction and pressure gauges. — 
The « e observed speed during the test varied from 920 to 930 rev. per 
min. It is said that when the test was made the pump had been in 
use only two or three weeks. 
eo The — 4 was a standard commercial one, with no guaranty of -— 

efficiency. It was designed by the maker for a pressure of 30 Ib. 7 

per sq. in., and observations by the writer show that these pumps 
are being worked against an average or usual pressure of 31 |b. per La 

7 «ae sq. in., with extremes of, say, 15 and 40 lb. It is worthy of note 
- that the greatest efficiency (45% for the the pump and 39.4% for mre Ne 


7 plant) is at a pressure of 31 Ib. 
ail The 8, w as and the efficiencies 


81% this being ‘the given for this motor the makers. 
San he dis agram is of interest chiefly to those members of the in 
rancisco Association of Members, Am. Soe. C. E, who heard 
Mr. Hicks’ discussion on Mr. Harroun’s paper and the claims then’ 

made by the former of usual high efficiencies" for commercial cen-— 

trifugal pumps when designed for operation inder un iform con- 


Pumir E. Harroun, M. Am. Soc. E. (by letter).— —The writer 
desires: to correct a | misunderstanding by Mr. Richards. test: 
of t the unit was in no sense an effort to ‘educate the glans 
students of the University of California, but was simply a test of a - 
piece of commercial apparatus for the purposes indicated in the 
‘paper. . The result of test, together with the results of other 
- tests made by Professor Le Conte, will be published ultimately by 
the United States Department of Agriculture. 
_ All Mr. Dunham’s inquiries are answered specifically in the text | 
of the paper, with the exception of his question relating to the size of 
rotor. _ Detailed the | construction and dimensions 
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GENERAL FL LEXURE IN A 
GROSS-SECTION.* 


J. Jounson, M. Am. Soc. C. E. 


ntroduction. —General is to understood in 
- paper to {include all cases of stress in a right section in 1 which there is 
7 d normal stress (tension or compression) in any part of the section. 


a - Accordingly, it includes qa) pure flexure; (2) flexure combined with 


These three are merely in which the neutral axis is 


“4 at a zero, a an intermediate, OF an infinite, distance, respectively, : from 


the center of gravity of the stressed section. Se re 


“s The correlative to general flexure would be general torsion, t 


latter covering all eases in which tangential stress (shear) ‘is ie: 
volved, just as the former covers the whole. ground of normal stress. 


"Together, they \ would include all cases of ‘stress. Each may be looked 


sn as the result of resistance to rotary ry deformation, the axis of 


rotation being, i in the former case, in 1 the plane o of the s stressed sec- 


tion, in the: latter, normal rmal to that 


- 
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The term analysis i is to be to mean of “the 


distribution of of stress: over the sti stressed ‘section. 
The attention usually giver en to. this subject is confined 
the to which a almost all writers of English 
American textbooks limit themselves. The > familiar analysis of 


“flexure, be recalled, does not make it « clear that the neutral 


= speaking, includes a a principal a axis oe inertia of the sormat To be 
sure, this condition does obtain in most 
“i no means in all, and errors have crept into 
be structural. design from a failure to realize the limi itations 1s of the = 


familiar analysis. Oceasi onal writers devote | a moment’s attention 


- 8 to what they call unsymmetrical | | bending, | but, as far as the writer — 
bas observ: ved, they” alw vays use method of the prin- 
cipal axes and moments of inertia. © Accordingly, ‘this paper is pre- 
sented, not only « on account: of the scientific importance of the sub- 
- wl ject, but also in the hope that it may be of use to ‘practitioners in 
a actual design. q ‘The e topic t treated in n this paper has, i in recent years, 
been given much attention by va: various ‘German writers, 
Professors: Miiller- Breslau, Mohr, and R. Land, to w whose the 
Br : writer renders most appreciative acknowledgment for indispensable 


aid in his studies. ‘a Some years ago the writer published a paper* : 
most part to the | German methods 


of “deduction. But he has since devised which, it is be 
Was lieved, will be found much more natural, and they are offered a hg 
with the conviction that some of the most serious complications, 
and perhaps all ‘the avoidable o ones, have been eliminated. 


The important: equation mt numbered 7 "appeared independently, 
os and as a result of different forms of deduction, i in the third edition 
> 
of Miiller-Breslau’s Graphische Statik der Baukonstruktionen, ‘and 
in the writer's paper. just cited. appe appears herein ‘deduced in ‘still 
a third way. ‘Plate IX: and E iquations 11, 15 16, and 18 are b believed 
t 


o have never been published before. What | is called herein the — 
S-polygon the most useful of the results) is a modification 


Sections 2 to 8 all is essential for a working know! 
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GENERAL FLEXURE. 


2. Statement of the Problem. —The problem to be solved 


ae Given: A straight bar of uniform was subject to to loads 


in in any plane which includes the longitudinal | axis of | the 


The intensity a the normal stress: at any 


point o of a given right section; 


The extreme ot ‘the normal stress intensity 

. 3 (called commonly extreme fiber stresses) in the given section; 

III. Quick practical means for these extreme 
fiber stresses in all cases; 

IV. Similar means, if indicating 
a. familiar rolled- steel ‘sections: is is to be: selected to resist any 


case of general flexure in order to to ew the extreme fiber : 


x stresses prescribed 


The satisfaction of the frst requirement will clear the way 
the others. _— The latter, though n mathematically corollaries 1 to the first, 


to the practitioner of importance. 


Ati is to be understood that the section of the body 1 may or may not 


xis of symmetry, and that the forces are not too great to . 


permit t the usual assumption of linear distribution of “stress. Ex- 


treme cases of irregularity of cross- -section, would interfere 
the applicability of this his assumption, might, perhaps, be 
imagined, but no section likely to be used i in practice is believed to 


: 8 Outline of Method of 1 Procedure. —The e 


whole bar being i in equilibrium, the force gi 
section of the bar i is the resultant, of all the forces on 


the section. 1 , opposite and coincident resultant coming, 


course, other side and together producing at the same time 


* This limitation of the location of the loads eliminates torsion—a stress which 
would not affect the problem, should it exist—and thus helps to fix ideas at the outset. 
____ If the given forces should not be in a plane, as just limited. general flexure would 
be due only to their components in such a plane, and only such components would 
enter the problem. The above statement the data, therefore, i is general 
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GENERAL FLEXURE. 
° sala Suppose (Fig. » the po point where R intersects the 


— a Statically speaking, the problem is to resolve | N into an infinite 


"number of non- planar parallel forces. Pure statics being unequal 


te ‘the task, the ne necessary aid is found i in ‘the principle of linear dis- 
a tribution of stress, a principle now universally accepted as valid = 7 

7 ull moderately loaded beams of wood and metal. | 


{ 


ciple and the conditions of equilibrium in 1 algebraic language, there 


~ result four simultaneous equations, the solution of which yields the : 


required quantity, s stated in terms of the given quantities. This 
‘solution once it will receive further study, with a view 


Statement of the Conditions. —Let the beam have 
any section, as that of Fig 1(b), ‘referred to convenient of 


‘rectangular axes, G and G Y, the origin, G, being 


gravity of the section. Let be the required stress- at m, 

any infinitesimal portion of the section, distant x and 4 y from G Y 7 


— of the 

my be resolved into two components at K, one normal 
_ 

— 
— 
~ | -) 
— - all 
— _ 
7 

&§ 
— 


F LEXU RE. 


3" 
G xX, ‘The point, K, ‘the co- of which will 


called Yes being, as above stated, the intersec tion of R with ‘the: 


m @ 


‘tion, and distant ‘from G, call A the inclination of K toG 


Tet nn be the locus | of points where f is zero (that is, the neutral 
axis), inclined to Gx the angle, U is a line drawn 


ic 


<2 


> is the e consta nt value of f at all points of @ U, and v v is 
1e of m from The lengths, v and v,, are + 


according as they are measured from G U toward or away from . 
» and - : are placed in the equation with oppos 


and +i is selected for the former. hen, as wil be ee seen 


is in of ete same sign as if N were seated at G, “a vice versa. 


_ferring m to 0G x and GY, by | substituting y cos, — sin. @ for 
the equation becomes 


Jos and are unknowns, and more e 


required for their evaluation. mm, The conditions of 


Expressing the infinitesimal al area, m, as d an un 


=. 
an “unbalanced couple will be precluded 


With these three equations the unknowns can n be eliminated from 


= 1, and the expression n for f will be left in proper shape m 7 


im 
2 
it 
4 rdy = N2,....... q 
— 
| q | 


ERAL FLEXURE, 


= A, the area of the section, 
0, since G Y is a gravity a 
dady = 0, since GX isa 


Cc re! 


She dzdy = Jt, the product of inertia of the section eferred — 


os _ * This substitution being a highly important step, the algebraic reduction is stated 
Equation 2, with fo _ Joly cos. sin, substituted for f, becomes 
‘o— cos. a — x sin. a)| dedy= N, 


a values of t of the integrals : ae above, this becomes 


mes 


Equation 8, upon st of fo— 

fo — — (y cos. Nap 


(J cos. )= Na = 


= a — Iysin. , which is part of Equation 6. 


Similarly, by sub 7 substibating Equation 1 in Equation 4 it falls out that ‘y Aya 


+ Computation of Iy, and J.—The computation of Jr, and Jy involves, in 


For all the structural shapes, the " 


the of the familiar, 7’ = I, + A 


id 
«Deduction of the Desired Equations.—Substituting* the value 
f from Equation 1 in id 4, and noting 
— 
— 
— i747. 
a 
it | 
— 
— 
— — 
— Inserting the stated values of the integrals as before, this becomes 
— 


Ghowing that “the unit stress at the center of is 


= sin. cos. a—J sin. a 


ving Equation 6 yields, noting that - 


tan. I, tan. A 
an. — 


y 

= cos. ‘cos. A — I, 

‘the various forms of the second ‘member convenient in 


tae 
eases. © ‘The first two are usually the simplest to use, but either may 


become indeterminate on the si substitution of special values” of A. 


; If on of these fails i in this way, the other 0 or t the third can can \ be used. bo 


Equations 8 and 9, if written in ‘ie of q; q, will inate as tee at rn 
of combining two quantities which represent, Tespectively, the con- a 
tributions to f from a force, N, at G, and the ‘couple, a, that is, 
from a force and couple into which ct N at K can be resolved. Py, 


it is evident that, for a pair of axes, One of which is an axis of symmetry of the section, 


J=0. It1s also zero for the principal axes of inertia. In all ordinary cases it can be 
- computed by the aid of the simple transformation formula, exactly ai ous to I’ = 


Tot AW 

in whieh J is the J of the sec section referred to any rectangular c co- o-ordinates, O xX ‘and oy. 
k and h are co-ordinates of the center of gravity, G. of the section; Jo is the J referred 7 
_ to axes parallel to O X and O Y, with origin at G. Numerical illustrations of the compu- | 
- tation of J will be found in Sections 5 and 6. J will be positive or negative according as 
the preponderance of the section is in the first and third, or second and fourth quad- 
rants. 

fx, Ty, and J are all quantities of the fourth h degree, and are expressed in biquadratic | 


oe. 


GENERA 
a — 
= 
a 

a 
~‘Substituting Equations o and 0 in Equation I, there results 
a | 
— 


a Indeterminations in all these equations can ne evaluated by a4 


a aid of trigonometric transformations s such as were used i in ‘stating 


the ‘second member of Equation 7, or by selecting | between n Equa- 


tions and 9, or between Equations 8’ and 9’. 
The value of f i is now stated i in the way most convenient for = 


eommon practical problem, which is to find the maximum value of. 


J, that i is, the value of f for the m most remote from nn. This par-— 4 
A ticular 1 m wilt he the m most remote from GU on the same side of 


GU as as K, as will be shown in Section 9 ‘The r routine in the solu- 4 

tion of this problem will ec consist of: 

(a) The solution of Equation 
(b) The identification of the most remote. m, by sketching 


a drawing G U—a line through G the slope of which is tan. @} bid, 


(c) ' The substitution of the tan. «and ay for this -m in Equa- 
tions 8 or 9. is 


Parte I 
complished. example will be worked out, by 
Ss lustration, and then attention will be directed toa a study of the > 


"equations just obtained, with a view to meeting 


~ and IV of the problem (Section 2). 


80 or ery with ‘Equations 8’ or 


— J cos. A) y 4 (I, cos. — 


+ 


umerical Example. —Problem. —A single 4 by by 


oo 
Noting that x, and y, are q cos. A and q sin. A, respectively, Equations: 
| 
a 
— 
= 

— 
=o 
q 
— 
— q 

— 

a 
— 


a 
» 


pose the direct stress isa acting in the line of the rivets 


pressive unit stress ‘in the angle? 
Solution. —The solution consists of mere e substitution in in Equa- 


tions 7 and 8 or 9, the determination of Jo offering the only w unusual 
Showin ing the data in a sketch (Fig. 2), in which the section is 
referred to the most convenient axes, , the section is divided into tw wo 


=" 
ot whose | centers of gravity a 


(0.91, 0.59), and whose areas are 3 125, 35 xi= 


1. 859, ‘respectively. Then, by J = A ke of the 
p. 174, noting that of both is 


J =1.125 X — 1.09 X — 


thrust, at the close of S Section 9. “hid 


7 
q | 
im 
— 
y 
92 in.*, I, = 3.96in.*, A =2.48 


GU U, accordingly, the e second and and the 
extreme fibers of the : angle . will be the most remote corners in the Zt 


t and third with » as the fiber subject to ‘maximum 


nates” of m 


tut ion it in Equation { 9 yields 


9.72 X — 0.081) 
S= — 161 X — 0.087 
ne 


04 40 N + 0.50. = 0.90.N, the required answer. 


are (2.72, 0.78), 


than double : ‘the average. If the direct stress, N , is s 10 0000 lb. 
- _ will be 9000 Ib. “per sq. in. Equation 8, of co course, | would ¢ give a 
ei: If the strut i is so long | as’ to 5 deflect materially, ‘the section at the 
9a 4 ‘point of maximum sidewise deflection will have a longer q q anda dif- 
. ferent A from that in the preceding ‘solution. OF or 8 such a case the 
om method would be precisely as above, after the yee in direction _ 
— length of G‘K had been estimated—a process outside the 


6. ‘Special Forms of for "f."—In } pure normal stress, 
Equations 8, 9, and 10 reduce = 


In pure flexure, N= 0, and Nq is ‘the wales of 


bending couple commonly written M. In this. case Equations 8,9 


(y—za tan. a) cos. A 


“+ 


(y—za tan. a) sin. A 


sin. A —T cos. Ayy+ cos. A — J sin. A), x 
4, — J? 
Then, if a= = d as it will if zero, these 


(10¢) 


— 178 @ENERAL FLEXURE. 

— 
— 

— observing that y, = 1.03, subst 
tm 

> 

— 
a 

: 
— . 
7 

by 

= 


GENERAL FLEXURE, 
The very common 
t the rectangular beams beams with or r T-sections 


aturally referred to rectangular axes for which J is zero, ) and are 


ed in a plane containing one. of these axes. eo ow 
merical Examples.— —1. by 34 by }- -in. -bar acts as a 


urlin on a roof having a slope of 30°, its top flange projecting — 


vv 


ward the ridge. be It supports vertical. Toads + which cause a maxi- 
‘mum flexure of M inch- -pounds. . Required, the « extreme fiber stresses. : 
Showing data, and taking axes_ in Fig. 


4 are given _ steel handbooks as 19. 193 in. 4 and 9.05 in. *, and J, com- — 


puted i in a ‘manner sitnilar to to that of the ‘angle y iron of the p preceding 
section, is found to be 2(2.75 X 0.5 X 2.25 X 1.625) = + 10.05 ins © 
Equation 7 7, tan. A being tan. 60° = 1.732 


1919 — i005 _ 
tan. 


905X178 


The extreme fibers are located | accordingly at m, and ‘M, , the co-ordi- 

nates of w hich are . 3. 0 and + 2.5. Using the values for n m and bd 

M = 0. 134 Ib. -per 


substituting in Equation 9a. aM 


| 
| 4 

— 


Per 


‘9 GENERAL FLEXURE. 


answer. 
2 bar of case "replaced by a 6 


I, are 864 and 216 i respectively. 


extreme fibers are + 3.0 and + 6 in 9a 
M=+ 0.013 M lb. per sq. in.. the 


The ‘S-polygon of Section. has been ‘any case 
of flexure may be treated as a combination of direct normal : stress” 
and “pure. flexure, either of which 1 may, « of ‘course, be be zero. The 
treatment of the pure pure flexure is the only part offering much difficulty. 
ted difficulty wi with pure fl flexure is specially great when t the extreme 
7 ‘ value of f is to be determined, and the | @ proper er values of x and v 
substituted in. Equation | 10b, have to be cc computed in 1 advance. ‘The 
call diminution on of the d difficulty in this most important practical prob 4 
is ‘the next field of inquiry. Loe 


of Equations 8a, 9a and 10b reveals. that the for 


a m may “be obtained by y dividing M M a quantity it in \ for 


y; in its most general form, is, from 10b, 


which might be called the modulus of 
toe the point, 2, y, or, m more briefly, the section modulus for x, 


= ‘Special values of it for: extreme positions sof m and for special values 


sin.A+ I, — y J) cos. | 


of A are what are given in the steel manufacturers’ handbooks, ae 


the case of -beams, channels and tees, as the section moduli of the 


4 shapes concerned. — In this paper it will be referred to o simply as 8, 
with a special suffix. 


— 

— > 
— 
— 

4 

— 

| 

— 

a 
— | 

i 
a 
— 
— 
— 

— . - gree by one of the fifth. It is, therefore, of the third degree. It may a 

— 

— 


GENERAL FLEXURE. 


M divided by yield a a stress-intensity. In the special case in which 


that, a m and varying A, that is the equation 

of a straight line, that i is, a line the radius vector of ner at any | 


inclination, A, w would be proportional to the for that. a. That is, 
the S- line, if it may be so called, is the simplest niiliiti graphical 


for  the-values « of § for « any one for all values « of AL ‘This 
at once suggests the determin ation of the S-lines for all siady of 


the section which might be extreme fibers of the section. As will 
be seen. in follows, these S- lines will define a which 


may y be. called the S- polygon of the section. Wi ith the polygon 


given, merely drawing a line ‘through G with the inclination, Ay 
and 8” ‘measured from toward 


from K, respectively. and 8” being measured to the 

scale, the most important values of in the most difficult ca case can 

be had by m mere substitution i in n Tak 


— 


defines two radii. vectores, 


which are perfectly general expressions for the extreme values of 


Of course, in pure flexure, N vanishes, and they oat 


8.—Constr uction of the S-polygon. —Retersing Equation 1 13 to 
angular co- -ordinates by substituting wand y y for cos. A, and ‘sin. n. 


m 


pore side of G from n n), and, if the same units be selected to rep- i 
_ *The units in which it is expressed may be called inch square-inches, following the a 
— nalogy ¥ with inch- pounds. 3 Inch square-inches will be abbreviated to inches* orin.* _ 


q 
q 
a 

24 
Ti 
a 
| 
a line which is parallel to the neutral axis (Equation 17 in Section — Ze 


— 


a 


and y, for all points on the perimeter 
4 of f the given section could be ial tituted for (x,, and and y,,) in in E Equation 15, 


corresponding | lines plotted, and the space within all tl these lines 


taken as the S- “polygon. This might have to be: resorted for 
of the s section bounded by | curved lines, but it. can 1 be done more 


| 


the: extreme m’s will all lie u upon a small, number al straight lines 


whieh bound, but do ‘not, even if produced, cross the section. These 


S- polygon will have a a side. corresponding to each apex of the 


circumscribing polygon. These sides will be 8-lines, intersecting 


f and forming apices of of the S-polygon whenever 4 has such a valueas 


will cause two adjacent a apices of the circumscribing polygon to be * 


- extreme fibers at the same time. This will happen, of ' course, whe 


ever the neutral axis is parallel to the side of the « creamecibing 


a Locating and connecting the apices will usually bet the most con- 
4 venient: way of constructing 
of the S- pol gon n be determined d by substituting the 
ordinates Ya) ‘and (x, - successive apices, A and B, of 
circumscribing polyg gon in Equation 15, and solving the two re- 
ations the co-ordinates the ction 


sulting S-lines. ‘Performing this operation will yield for he: co-ordi- 


(2, — ay) — (Ya — Y%) J 


ery , the side th circumscribing 
as v commot nly happens, the side of f the 


Pre is , parallel to an axis of reference, these expressions become — 


materially simplified. “It, , for instance, it is. parallel to the X- -axis, Ya 


J 


” 

resent third-degree units as to rey 

— 
— 
7, 
4 
— 
— 
ma 
4 

| 
= 
a ¥ 

— 
— 
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a line is parallel t to the Y-axis, 


actual as a fixed geometrical “property y of a sec- 
tion, , and one which can be constructed with great ease any time (see 
ann 
z, numerical examples below) for the simpler sections, and can be con- - 


- structed once for all and kept on file for the more difficult sections, 


is presented as a satisfaction of the requirements of III and IV of a aaa 


The actual methods of computation and use of the e S-polygon 


a be illustrated in the ‘following numerical examples. 


umericad the S-polygon for each of 
four following sections, viz. 
(a) 6 by 12-in. 
(b) 8- ~in. 18- Ib. “beam; 
(c) 10-i -in. 20- Tb. channel; 


(d) 5 by in. -bar. 

-Solution.—The natural axes of all 1 ese shapes a 

= parallel to the principal dimensions and shown 
4, 5, 6, and 7. In each of the first three se sections at least ‘one of 

the axes is an axis of symmetry and J will be } 
“quently the simple ‘Equations 16’ and 16" will suffice. For the Z- bar, 

however, ‘Equation | 16, in its general form, will be needed. The 
sides and apices of the S- polygons will be designated with the 


lower-case letters of the corresponding apices and sides of the cir- 


The: four shapes will now ‘be taken up in Onder. 


shown as A BC D in 
6 6x 6X 6X 12 — 216i in.! 


— 
— 

4 


FLEXURE, 


will compute the the apices, a and be 


sy mmetry will locate the whee two, ed and ad. , 


I, _ 864 
‘By Equation 1 16" 


By Equation 16", = 


‘The four apices are, accordingly, (0, + 144) and + 72, 0), and 


are plotted i in Fig.'4 to an an arbitrarily selected scale. 
‘Remarks. -—The sides of this: S- polygon are parallel to the di 

of the rectangle, and an S- polygon, therefore, could be 

;  gtrested by merely connecting the middle points of adjacent sides of i 


= rectangle. Such a polygon is shown dotted in Fig. The 


scale of this Ss polygon is readily determined by 


, of its vertical semi- -diagonal. 


ln 
— 
lt 

| 
a 3 
— 


‘along which | on are » laid ry "Consequently, in with 
angles | in general, or | similar simple sections, no formal use of 


Equations 16’ and 16” is necessary. . The: section moduli once known, 


they are laid off to convenient ‘scale along ‘the proper axes, and the 
apices thus determined are are “connected. This: would apply any 
section referred to -Tectangular gravity, for which wer 


books, 

ward from G, and the 1.89 to the right and left of G, the 8- polygon 


(ec )—For the 10-in., 20- the two section moduli, 15.7 
and 1. 34 in. 3, given by the handbooks, 1 must be supplemented by a 


third one, since G Yis not an axis of symmetry. ‘This third one 


divided 1 by the distance from: G to the e back of ‘the channel. 


_ the handbook data, this is found to be 0.61 = 4.67 in.” Laying off 


16. 7 upward and downward from G, 1.34 from G along G. X an and + 
the same direction | as the projecting and 4.67 along G x 


in the  opposi 


10.19 i == 9.05 and in Section J was ‘found to be 


0. me J will ‘positive for the section as drawn in 
thre apices, a b, be, and d, will be located by computation, 


and the other three, a will follow by symmetry. co- 
ordinates « of AS C, and D are (— 0.25, 2.50), (3.0, 2.50), (3.0, 


E Equation 16 16", 


apices are seen to be on the axes at distances from which 
{ 
% 
4 | See 
— 
4 @)—For the 8 in., 181b. I-beam, the steel handbooks give the 
section modulus for the axis, @ XY, as 14.2 The other is found — 
— 
| 


vag These and the same with signs reve ersed e tablis sh the desired r4 
i polygon plotted i in Fig. 1. - Similarly, any section can be treated, . 


Examples cf the Use of the S- Polygon. —The following 


merical examples will illustrate some of the uses of the S-polygon. | 


Problem 1.—Find the extreme ‘fiber- stress in each of the four 


<< 

— ae a 

— | 
to the roof slope. Assume a flexure of M, in pounds, in a vertical 


GENERAL FLEXURE. 


- plane, and assume that e ich 2 purlin 8 set so as 3 to: make B ‘the highest 


the trace of the plane of ‘through | in n each 
2 S-polygon of Figs. 4 to 7, and scale off the distance, G H, along this 


ey 3 line to the S- polygon perimeter, taking tl the shorter of the two lengths 
When there is a difference. The results. for the four sections a are as 
= 77, 3.07, 2. 83, , and 49 respectively. The results, 


+ 0.013 M sq. in. 
For the 8-in., 18-Ib. I-beam: 
wi 


is 
tion: 6. ese an note the great economy (for such a a 


; 
the Z-bar o over the heavier channel and -beam. 
"Problem 2.—In each of the sections in the preceding problem, 
which the fibers subject to stresses given? 


Solution.— —In the ‘rectangle and T-beam, H be taken on 
either the -b-line or line. Hence, B and D are both ¢ extreme 


3. the of w what | is the magnitude 
nature of the stress at the e point, , A, under the given load? 
q 


Solution. _— HH to the intersection, with the a-line 
produced, H’ is scaled off as 19.2 in. Hence, = 
To determine whether it is tension or compression, observe that N, ’ 


ia though zero in a, may be treated a as scompressive force at t infin po 


7 ity « ‘on G H above G, or as a tensile force at infinity below a 


g 

— 
— 
— 
| 
@ 
— 
| 


and Sa, accordingly (Section 7), is of f opposite : sign to N, and, thene- a 
= fore, is tensile. The same result follows, of course, from the oppo- 


Problem 4.—In the Z-bar of Fig. 7 what ‘is the 1 most favorable 


‘2 olane of | loading, and d what will then be the position of the ere 


, a Solution. on.—The most favorable | plane of loading i is obviously that _ 


*3 yielding the maximum 8. This, by inspection of the figure, would © 


bea plane the trace of which would pass through ab and de, 


have for a ‘a slope tan. This trace, passing ng through a b and d e, 
Indicates that A and B, as well as D and E, are then all ex 


df fibers. . | Hence, the neutral axis s th en parallel to the e flanges, A 


Pees the least favorable plane of Joads might be located 
I 
, it it will be per rpendicular ‘to the a- -line a1 and d- 


Problem /5.—Through what would maz. Pass, if the 


pines 


 — Z-bar of Problem em 1 were to make a complete | revolution about te 


axis, the load r remaining 


“a ing off the e extre ‘eme values of S int 


are found wale be! 8.68 and 3 The 


| 


rectangle of Fig. 
Solution.—Mini imum will occur planes” normal to either 
Problem 7.—What plane of loads will make the neutral axis ; a 


tral ‘axis is vertical, B and PF will 
igh 


trusses 1 10 ft. on of roof 80° horizontal; 
wy 


ft. a in plans londs, dead : Ib. s snow ow 20 Tb. per s of 


a 

— 

— 

- 

— 

ll: 

ln 

— 

ig 

al 

— 

= 


; 
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| 


exceed 16 000 Ib. per sq. in. for the worst combination, considering 
 @ that the maximum snow and wind may act simultaneously ; (b) re 


4 Solution. .—The loads per linear foot | upon the purlin for the tree 


ha 


_Toads are, noting that the distance between purlin centers on theslope 


“ 
to roof of slope. 
ae Fig. 8a is a a force- -magnitude polyg gon show ing the important nt result 


= 


| 

| 

| 

- 


FLEXURE. 


LEX 


, ir n magnitude an and direction. They are the result- 
Of Wy w and of and w,,, ‘respectively. 


diffe flexures, M,, M, and M,, in their 


in those planes. 
_ 180 X 10 X 10 x12 
S, and are 19 2 12 in. ely. 


planes, 2 , and ¢ call for three different values of S, and 


a 


Linear Dashes 


Scales ‘Beale of inch square-inchss 


Wing 


i On inspection of Fig. 6 it is seen that a single side (that pertain- 


ing to to 5) of the S- -polygon for each channel ‘will suffice. Accord- 


4 
such data as as the handbook furnishes. 8, and and 8, are re laid id of 


which can furnish and By and condition requires 


a 8, and 


is so 0 close a a fit one next two ‘larger si sizes es might wil be 


in view of the’ sensitiveness of the section to a slight 


— 
| 


— 
— 
— 
4 1€ Sketch shows a or (a a “10 a 
tm 
q 4 “SS 


“the. close of Section 5 to be exposed to a ‘thrust, Pp 18 000 lb. 


plied successively ‘at the six different shown in Fi ig. 9. 
first three are at thickness of a d-in. ‘gusset, and the 


three ‘similarly on on the center er plane of a a -in. gusset. In each set, 


that very ‘problem, here to be solved again for comparison. — “The 
S-polygon simplifies matters 80 greatly that the six problems will be 
4 taken uy up together. is ‘merely a question of getting the M’s ‘and 
8”s for substitution in Equation 13, §’ is, in each case, G H, as 


ie tion of the fiber, subject to Soin, each case, is indicated 

the letter of the S- tine on which falls, and is the 

table as a as a matter of interest. "Fe 


The fluctuation of f is seen be with these 
in the ‘Position o of K. In an actual frame these variations would 


be less serious, but would be diminished only at the expense 


of secondary stresses” in neighboring me members. These stresses 
would be of a flexural or torsional character very difficult to estimate. le 


Section 10. —Concerning Polygons 0 of Specially Important 


Sections. — —Table 2 gives” the co- co-ordinates of the apices o: of the 
S-polygons for the stand 


ndard American bars, and Plate Ix shows 
hese same polygons s plotted to scale. It is believed that the | 
reader will be able from the foregoing to establish ‘the S- ‘polygons 


q Problem 9 Suppose the 4 by 3 by anole of the example at 
e 8 are, respectively, at gauge le “aVOravie Be 
and opposite G. Required the for each case. a 
Solution.—Here are really six problems, each equal in com- 
an S's are 
sca, Tom rig. ¥, Where the section and 1ts O-polygon are plotted, ’ 
| 1.41in. | 2.82in.3 9 000 720 | 1620 | B 
3 | 
a 


ion is 


that they 


advisable to take 


established the S-polygons for angles, but rests content in 


RERS 


The writer has n 


For I-beams no computat 


he steel handbooks. 


e. 


| 


int 
tar 


portant purlin shapes. 
minor impor 


d what is given 


ly of 


eyon 
ve 


n 
American Stannard Z-Bars, Expressep in INcuEs.* 


eded bi 


lati 


TABLE 2.—A 


be covered the most im 


are re 


= 
= 
aq 
n 
© 
a 
i=") 


for the standard channels so easily as to make it 
— THE 
Ae 

8 1.50 | 1.92 1.10 | 0.88 056 | 020 
X X 1.88 | 2.38 1.40 60.72 0.28 -¥ 

X 2.38 | 2.98 1.88 | 1.44 | 0.24 
X22 OX 2.76 | 3.43 || 2.30 | 1.71 

— | 
> 
a | 

2 || 4:84 
44 || 2.75 — 

— 04 || 4.94 


= 
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APPENDIX. 
and Properties of the Neutral —Setting 


f= “rt in Equation 10 10, and rearranging, the eoeinie of the neutral Mai: 


s is to be 
a 


‘coefficient of x being its slope, and ite 
“cept, b, on the axis of Y. _ These values might also have been ob- 


te 
tained as tan. a, from Equation 7, and Sec. @, from 


ection of Equation 17 will reveal sumber important 
_ In the extreme case, when K is at G, 4 and a, vanish, tan. a 
Ye k 
\ ose indeterminate, and b becomes infinite. That is, if N be 


ied at the me of g r portly of a section, , the neutral axis is will be 


then constant the section, as might have heen foreseen. 
This is the case of pure normal stress (compression or tension). __ 
ol For the other extreme, where Ki is at infinity (the condition for sa 
pure’ flexure), either or of : y, become infinite. , tan. 
4... determinate in any given suction (Equation 7) and b vanishes. 
_ That is, in pure flexure the neutral axis passes through the center  ) : 4 
gravity of the section at an inclination depending upon 
Gai For intermediate positions of K, the neutral axis has a | deter- 
_ minate slope, and is at a finite distance from G@, dependent upon the Bu ie 
location of K, and the renter the distance, K G, the nearer to G 
will be the neutral axis, and vice versa. 
a Tt can be show n that the quantity, I, 1,— ist never 
i. With ‘the aid of this. fact, and by finding the intercept of aline 
"through K parallel to n n, it will be seen that K and n n always li alll 
opposite sides of G U, as might have been foreseen. 
Since tan. depe nds solely upon ‘the ratio of % Vand 
“not at all upon their actual magnitudes, it is that, for all 


4 


_R’s on a line eaten G, the neutral axes will be parallel, and con- - - 


the intersection of neutral axes for any two K’s upon 
‘any straight line, y = a+ b will be found to have for its co- 
ordinates 


; ‘quantities es dependent only upon t 
the section. Hence it appears that for K’s moving on any straight 
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a infinite, “and the statement of the preceding paragraph is . 
12. The Kernel of a Section.—The a section is the 
; area bounded by the locus of the K’s corresponding to a series of 
; _ neutral axes touching the periphery of the section but never cross-— 
-_ = _ ing the section. It could be located with the help of Equations 7 
18 without difficulty. Its main interest lies in its defining an 
_ area within which a K must fall in order that the unit-stress may 
be of the sa same sign throughout the section. 7 It is interesting, too, 
in that its radii vectores are lengths which, for any A, need only — 
to be multiplied by the area of the section to give SX ‘and 8” for 
that A These lengths would have to be called + if on n the op- 
posite side of K from G, and vice versa. 1. The tony is then a 
figure with sides respectively parallel to the 8- polygon, but on 4 
- opposite sides of G, but unlike the S-polygon in being geometrically 
an actual surface and to the same scale as the section. i 
ee The kernel will be established if the K’s be found for the neutral _ 
— _ axes coinciding with the sides of the circumscribing polygon of the 3! g 
_ figure. For each such side considered as a neutral axis there will ke -o 
- ak which will be an apex of the kernel. In the light of the pre- : 
ceding paragraph, the co-ordinates of the kernel apex corresponding 
- to any such side, AB, may be easily | written by reversing the signs — 
in Equation 16 and by dividing the seeond by A. 
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= 
are co-ordinates of a kernel apex corresponding to A 


and, if ‘parallel to the Y-axis, they become, 


% 


expressions 18 paralleling 16’ 16”. 
- ven The kernel and the circumscribing polygon of the section are 
such a way that if along the 


— 


the neutral axis rotates about a fixed point, given by Equation 

— 

— 
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GBNERAL FLEXURE. 


ar 

‘the corresponding neutral axes will roll around the other; 
-meaning, by that, that they will coincide with side after side of the 

_ other polygon, and, pivoting about the apices of the other polygon, : a 
will assume all intermediate positions possible without 


_ The continental writers have given ‘much attention to the kernel, ye. 


"but its practical usefulness is so slight, compared with its close m7 
_ kin, the S-polygon, that further description of it need not be given _ 
here. The preceding section is here given primarily in p preparation © 
18.—The 8-Polygon and W- Flache Compared. —The 8- -polygon 
arrived at in the foregoing was the result of an independent attempt 
to establish the W-Fliche of Professor R. Land, of Constantinople. .* 
_ The » only difference between the two lies in the fact that the 
ay pv of the two polygons for a given m lie on opposite sides of G, 
making the W-Fliche just like the kernel with all its dimensions 
multiplied by A . The writer believes that the maintenance of this = 
distinction, even at the expense of losing the closest possible 
similarity with the kernel, is worth while. The relations with the 
kernel will be of little importance in practice, and it seems natural, _ 
and hence conducive to accuracy in computation, to call the radius 
vector positive rather than negative when measured on the same ~ 
of G as the point the stress of which it determines. The radius 
vector will then come to be a kind of pointer starting from the 
natural origin, G, toward the portion of the cross-section to which it 
belongs. This is a valuable safeguard against confusion, especially ta 
as the diagram is one the use of which is within the comprehension — nial 
‘computers of very moderate experience, Finally, for all sec- 
Gee symmetrical about G, such as and 2’s, the W-Fliche and 
‘S-polygon would be indistinguishable except in the lettering. Only 
for sec ctions like (’s, and T’s s would the difference appear. = er 
the —Closing Remarks on ‘the: Polygon. —The 8-polygon is a 
graphic exhibit of the values of S leading to the extreme unit Bs, 
stresses in the section for all possible inclinations of the plane © 
of loads. It is subject to the edvantages and disadvantages of 
tn work. It is of the greatest possible simplicity in use, but ar 
measurement of the radii vectores to a high degree of pre- 
cision may be difficult. A degree of precision quite sufficient for — 
— designing, | however, is easily obtained. | Extreme accuracy ad 
is rarely justified in | practice, considering among other things the 
ety as to the actual magnitude and inclination of the loads, __ 
the inevitable variations of the rolled shape from the nominal section, — ey 
inaccuracies: in construction and erection, and the doubt whether — as 
the e principle of linear of tress is applicable. 
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4 If, for any reason, the computed value of S be required, it 
can easily be found by substituting the proper «, y, and A in 
7 Equation 11. In fact, a numerical table could thus be computed for 7 
as small variations in 4 as desired, which would parallel the graphic 
= polygon. Such tables have been published in Germany for some 
of the German standard rolled sections. 
a Finally, the S-polygon should be observed t to be bounded by lines" 
= the radii vectores of which for all values of A have a significance. 
Radi vectores for points in these lines produced measure values for 2 
which, upon insertion in Equations 13 and 14 will give correct 
7s), values for the particular point, m, to which the S- -line belongs, a 
7 and the particular A. The portions of an S-line between two suc- - 
 eessive apices of the 8-polygon are of special importance simply be- — 
7 & cause they mark o ut the limits of A’ s for which an extreme fiber om 
stress will result from the corresponding low values of 8. Pe 
uce 


- *o In closing, the writer wishes to express his obligations to Br 
Soc. C. _E., who performed most efficiently the " 
task of computing Table 2; and A. E. Norton, 
cs ‘S. B., J. R. Nichols, and H. W. Telford, S. B., who have assisted ri 
ways in the of this paper. to 4 
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struction one a canal at ‘Panama i is the control of River Chagres. It 


enters as an important factor i in ‘the design of either a lock sore a <— 


level canal, and the divergence of opinions, among engineers called 
‘upon to decide as’ to the type « of canal best adapted to meet the 


- physical conditions ‘prevailing on the Isthmus, can be traced to the 
difficulties” connected with that river, both as regards the control 
of the floods, in all 1 types of canal, and the provisions for an ample 


water supply for operating it during the dry season; in the case of a. 


It is evident that a lock canal i is the most ¢ economical | type, both — 
in cost and time of construction, and that the ‘sea- ea-level proposition 


is ) born either of sentiment or of 8 a belief that adi its adoption the 


well kn nown m that 2 a sea- a-level ‘canal pertaining to the nature of el 


trait is not possible at Panama. The tidal fluctuation of 20 ft. 
at the Pacific terminus, while the Atlantic end is practically tide. 


| 
— 
q 
7 


oe eo wide imperative the introduction of a tide lock at Panama, 


by which ships : can be locked up or down, into or from | the canal, 
_ depending o on the stage of the sea level at the time of taking | or 
leaving the the waterway. That tidal Jock will limit the number of 
vessels passing g¢ through the | canal just as s much as a si series of locks 
: ina a lock canal. i Some time will be spent in in passing each a each additional al 
Jock | ‘introduced, and this should not exceed 30 “minutes at each 


a lockage, so’ that the additional time consumed in 1 passing through ~ 


a canal with six locks would not be more than 3 hours; el 


significant delay for a ship which has saved thousands 


¥ 
om Considering, therefore, the cost and time saved in constructin ng 


lock canal, as compared with one sea level, as well the 


nected with the latter, it scems that ‘the: former type should 
4 4 adopted, provided. the River Chagres can effectually controlled, 
8 an ample w water supply provided, and difficult | engineering problems — 
The object of this p paper is to submit for discussion by the 
Society modification of the canal route, recommended by 
Isthmian Canal al Comssiasion of 1899- 1901, for a lock canal, by 
which the River Chagres m may be kept. under absolute control, ite 


ore 
a of water close at hand secured for the operations of the c canal, all 
doubtful problems. eliminated, without increasing the cost ‘estimated — 
_ by the Commission, and with a saving of time in the execution — 
of the work. The change in location recommended begins at Kilo- — 


south of where the present location meets the ‘Chagres_ 


iver. On a . prolongation of the tangent ending at this point | 
crosses the ‘River Chagres in the vicinity y of Gamboa, and “thence, 
upon the line e located by t the United States Surveying Expedition 
1875, the is kept of the river, meeting the present 
Jocation again at Kilometer 9 and coinciding with it to the Harbor 


nth if The ¢ crossing of the Chagres is proposed to be accomplished b 


means of a combined dam, viaduct, and controlling w works. 


aa the river at a maximum elevation of 111 ft. above mean - 


sea lev el ond a ‘minievam ¢ of 106 ft. at the end of the dry season. i 
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lake formed dis dam i is extimated deve no | time e lower 
as) is 106, ‘the > canal can be supplied with the water needed for its opera- 
tion by short pipes F passing g through the dam and discharging 


"vided: with gates, three in compartment, ‘operated 
ees platform, by w. which the river er flow can be e completely shut off, ie 


which may be desirable in the dry season when river flow may, 
at times, be less than that required for operating the canal; ning 
gates may be partially | or entirely opened to allow the free passag 


of floods. With the water in the lake at an elevation of 111 


the lower river in flood, 30 ft. above low water at the . viaduct, the 


‘a twenty-one ‘sluices, under such xtreme conditions, will be capable 


an 


f of ‘passing 78 000 cu. ft. per sec , which is far in excess of any 
known flood discharge at Cubes. Gate- wells are provided with 


- sill walls rising 10 ft. above low water in the river, make. . 


arrest any heavy silt or stones rolling on the river er bottom. —_. - 


‘the sill walls, the intakes : are provided with grooves for the insertion — 


7 of movable gates, which can be lowered into place or taken up by 


¥ derricks in the upper platform. With these gates the intakes can 
be closed and the water drained from a well for. examination or 


a The intakes are protected by heavy iron gratings with openings — 


2 ft. square to intercept. snags, or other : floating debris brought down 


by floods, which might o obstruct the sluices or impede the operation 


of the gates. The water for operating the e canal is t taken 
below the surface of the lake, after passing through the grating, 
— 
should be practically free from floating debris. is dis- 


"charged into the canal below. ‘the surface, 80 as to cause the leest 
= disturbance, o or it may be made to discharge through | conduits w under 


a ae. | canal crosses the river in a viaduct, which is also part of the — as 

dam, with a summit elevation of 96 ft., the bottom width being 150 

to be drawn as needed, and th tained 
— 
The river controlling works consist eempartments or — 
gate-wells (see Plates XII and XIII) and twenty-one 10-ft. metal- 

— 
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lit 
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4 
il 
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the bottom of the canal. Lhe upper platform, formed by the dams 4 


PANAMA CAN: AL 
e, can be ‘roofed for the protection of the — 


gate-operating machinery the employees it. The 


_ d controi of the ‘floods | and of the water supply can thus be ‘concen- 4 


(trated in one structure, 

The combined structure, of reinforced concrete, 232 ft. wide 
and resting on hard rock, with an ‘elevation of only 118 ft. above — 
; a the foundations, po possesses superabundance | of strength and all the — 
_ conditions of stability and durability ess essential ina work rk of this 
kind. It is believed that it solves ‘effectually the ‘difficult pr problems 


connected with the Chagres River, and removes the risks and un- 


certainties ‘involved in the construction and | permanency of dams 


designed to rest on doubtful foundations. It simplifies. the 
of the the canal, reducing it to a comparatively ordinary engineering 
work of construction, admitting of an estimate of the cost and 
time of execution not to be “upset by r river floods. 
"The rock surface ut under the proposed structure been plotted 
recently by numerous borings made by the 
engineers of the Isthmian Canal Commission in the vieinity 
while | for the location of | a a high | 
7 The line prop 
canal was surveyed by the United States 


ment’s Surveying 1875 u under the direction of the 


final Tocation, after ter careful development of | the to topography, will, 4 
‘doubtless, bring about important improvements tending to reduce 
‘the excavation and the amount of curvature. It is perfectly 
as now laid | down, i is about a a mile shorter thi than the 


With good rock ‘eross- of the 
river at the point of crossing, pore t-dam can be constructed _ 


; with the use of coffer- dams in ‘tha por 


foundations below water level. The 
been "placed at Elevation 96, not imp by the | conditions of the 
- problem, but because that is believed to be the most economical — 
It is evident that, by lowering the 1e sluices, either by 


reducing the ei ir ¢ diameter, increasing their wn: if necessary, or 


— 
| 
4 
= 
— 
— 
— 
a 
— 
— 
+ 


ATLANTIC OCEAN 


o 


1 
* 
— |. 


| 


> 


q 


iw 


> 


#28 8 8 § 3 8 8 


“5, PROFILE 
PRESENT ‘ROUTE OF CANAL. 


& | 


| 


| ) CHANGE IN ROUTE. an 


‘A 


ge 
) 
160) 
— 
2 
— 


PACIFIC OCEAN 


5 


> 


“yee we 
¢ 


iia 


THE PANAMA Cc 


“devel can be 1 lowered several feet, such modification is 


regarded: favorably. It “would reduce somewhat. the lift of the 
upper locks, which, as herein suggested, i is moderate, but | at an 


unwarranted: additional cost of excavation. 
An alternative plan, which | has received consideration, consists 


bringing the canal into ‘the lake “created by the dam and ‘then 23 


poy a of plan, ‘the proposed works would reduced to the A 
i rks, and cost thereby « considerably 


is of the opinion that such a modification _ re, 
not desirable. The saving in the cost of ‘the 
structure wou obably be more than increase in 


Ww 


excavation; and cross- -currents in the lake, fluctuations of level in 


the canal, and ‘floating objects brought down by river floods" would 


serious obstacles to “navigation, from which t he viaduct plan 


Without a contour map of the river ‘basin above sve Gamboa, the 


; “writer is unable to ascertain the superficial area of the lake created — 
the dam. With . surface elevation of 11 ft. at the dam, the 

lake» would to beyond Alhajuela, where ‘the low-water level 

ny ill be raised about: 8 ‘8 ft. Considering th the broad expansions 3 of tl the 
river basin and the re- -entering valleys of its: tributaries, 


a contended that the lake will have an area large enough to receive — 


= 


the greatest | floods, without violent fluctuations of level, while the 


whole flow i is being carried off by the slu es, and will il have ample 


storage ‘capacity for an abundant water supply for “operating the 


as canal in the dry season within the range of of Elevations 10 106 and 


11. No reservoir needed for the storage floods, an and the 
precise elevations within which water supply can be assured is 


= 


scheme. 


ew, 


Pending a a resurvey of the new location ‘proposed between 


meters 9 and 46° (whieh will doubtless result in material improve-- 
A “ment in alignment and elevation), and the borings necessary for wr ry. 


classification of the material to be. removed, it is not possible to =~ +s 
obtain a close estimate of cost of the modified plans. shies shal 3 


taking for estimated cont of the 
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summit level between a maximum of 92.5 ft. minimum 


82 ft. above mean sea level, it is possible to arrive at 
— that th the cost of the modified plan p proposed will not exceed *s 
the estimate of the Commission, and 1 may fall considerably below 


it. In any “case, it is claimed that if the time of | ‘construction can 


maintenance can be assured, this would be e worth partite millions. 


works Of the the Chagres cr crossing are estimated to “cost 
as 275 000. _ Upon the new 1 route proposed shout: 52 000 000 cu. yd. 7 


oss have to be e remove ed from ‘the Harbor of Colon to Kilometer 46, 


“nl from the Harbor t to ‘Kilometer 9, where it it joins thin new ow line, “The 
quantity is probably 1 ‘material which can be dredged, the 


crossed. 


» and ete 45, , which would be « eliminated by. the : adoption of the 


Harbor o of Colon to Locks, 


Gates ..... 


version of the Panama Railroad. oa 1267 500 


In addition to this total, ‘there would also bes a saving 6: of 16 1 ft. 


S about 20 000 000 cu. yd. ‘The item, $11 567 275, in the Commission’ 3 


estimate for the t two locks at Bohio will I probably balance 


47 to. Elevation | 61, which may be estimated to 


Canal Commiasionn’s nlen for a lack cane) with a fluctn- 
— 
— 
— 
__ 
— a 
‘Th 
— 
— 
—— other 42 000 000 cu. yd. being dry soil with some rock in the high fF 
the cost of these works, the following amounts are 
the cost o ese works, 
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gg 4 ~ the basin of the Chagres below Gamboa is not to be flooded = ‘ oo” ae 
4 aa “by the creation of a lake, the diversion of the Panama Railroad a i: 
becomes unnecessary. The road can cross the canal by draw- 
or under it by short tunnels where necessary, and, eventually — 
can be built on the berm of the canal if so desired. 
— 


Mr. 
in favor of a of first viz., a look canal, the speaker 

has not seen any of the following kind, and therefore introduces it 

No man ‘possesses such a prophetic vision that he. can forecast 
= a very limited number of years) what the Sotune will bring (: 


"4 In all construction putelaing by roads, rail- 
roads, and canals, a limited number of years has brought ‘about, as 
4 _ from various causes, large and important changes. Sometimes ah 5 
ae - Toutes and construction works have been entirely abandoned. Ihe a 
( other cases, the capacity of the work has been many times enlarged. a ; 
Again, the amount of funds at first available has seemed ridicu- 
- lously small after traffic had developed to such an extent that 
adequate construction could be carried out. 


og At the end of fifty years, the generation then existing has « ften 


- aeaneie of the future, beyond a reasonable period, is it wise to 
too far ahead, « or r to capend much more money than will 


_— will be altered from a lock to a sea-level =p the future, 4 
or to spend any money to attain that object? 
In the absence of knowledge. as to the amount of traffic or the 


_ possible alteration and increase in the size and draft of vessels, is it 
wise to prepare for On one lock canr’ may be 


the time ‘comes engineers ‘will new 


- jdeas, and, instead of enlarging or lowering the canal in its original — 4 a 
/——Tocation, it may be that a new location, perhaps relatively close to a 


* _ the present one, perhaps as far away as Nicaragua, will, be thought 
more desirable; perhaps two canals, at just su such great distance 
apart, will be considered better than a larger one in one locality. — 
Perhaps two canals adjoining each other, each taking traffic in one 
a direction only, will be preferred. Even though locks are made so — 
ae that the canal may be changed to sea- -level, the traffic may be 80 vs 
20 great, when the time to make the change comes, that it will be alto- ae 


ne impracticable, ¢ on account of the serious interruption to a8 
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great of in of such Mr. Francis, 


conditions, not only in transportation lines, but in public works like oa 


fortifications, river improvements, and many minor kinds of con- 
Fifty or orfe ented years from now, the wealth and energy of 
the United States will be beyond the possible conception of any ~ 
on now living, and the expenditure of $100 000 000, which is a sa large 
sum to- day, will seem to be relatively small to the statesman a 
engineer of the future. Pr. 
Looking at the whole problem of the Panama Canal from this 


stantial lock for substantially the n needs within view, on 
the event of a decision to build either a sea-level or a lock canal, to 

expend no appreciable amount of money thereon in preparation for 

changes or enlargements which may be remote, and 


‘Taropone ‘Pascuxe, } M. Am. Soo. C. E—The Mr. _Pasehke. 


in the somewhat novel p ‘proposition o: of the via- 


duct-dam at Gamboa 


_ However interesting this feature may be to the lock-canal  - 
_ tisans, it will be well to defer its full consideration until a necessity 
therefor has" arisen, and until it has been fully decided that a lock ad 


canal shall be built. This opportunity is taken to express the hope 


_ To the speaker, this paper seems to be a very timely invitation to 

“the engineers: of the country to to express their | opinions on the all- 

important question which at present is before the United States 

_ Government for decision; and it behooves this Society to speak freely 


i as on the question as to the type of canal which should be adopted. = ae 


“Tt is evident that a lock canal is the most economical type, both — 
in cost and time of construction, and that the sea- -level ‘proposition — 


As born of sentiment, ” ete. 


fully and may best to'be answered by the testimony 
given before the Senate Committee by J. F. Wallace, hued — ¥: 
dent, Am. Soc. C. E., the late Chief Engineer of the Canal. | eee 

aoe As to the matter of the sea- -level ‘proposition being born of senti- 

a ment, why, the speaker, for one, on the sea-level side, admits this at — 

once, and without hesitation. All achievements in the march of % 

civilization, of improvement, are born of sentiment. — _ Was not the © 

voyage across the Atlantic of that most intrepid of all navigators, — 
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bot . ere these not born of sentiment? Here is a whole chain of grand, — 
noble sentiments, one after the other, growing out of the primary 
sentiment entertained by the Genoese ancient mariner, culminating 
finally in the reasonable expectation 0 of the realization of his dream 
of more than four hundred years ago. then, should sentiment 
detract from the sea-level proposition? 
ae The speaker is inclined to remind the author that we are at 
a Panama, not at Nicaragua. If he were at the latter place, he raced 
in sweeping aside the sea-level proposition as born of se \a 
timentality. at Panama the sentiment of the sea-level propo- 
sition becomes tangible and within the range of practicable execu- 
— tion. Yea, more, the sentiment becomes convittion that the sea- level — 4 
is the best and the only proposition worthy of f considera- 
Aa All will admit that the underlying sentiment of an ideal i a 
for a ship canal across the Isthmus is a free and unobstructed pass- = 
age of ships, and all, even the most fervent enthusiasts of the lock — 
- proposition, will admit that a lock in a ship canal is an obstacle, Ye : 
hindrance, to such free and unobstructed passage, ‘notwithstanding 
‘4 the labored paradoxical arguments advanced in the minority ee i” a 
~ the consulting engineers. Now, reducing the question of 
periority of type to. a simple arithmetical proposition, there is the 
lock- -canal proposition with four or or m more obstacles in the way of a 
-~ et free and unobstructed passage of ships, as against the sea- oe 
- proposition with only one lock, and that one open for one-third of 
_ the time. There is the underlying | sentiment of the sea- -level propo- _ 
- There is no desire on the speaker’s part ; to make light of the en- 
gineering difficulties in the way of a realization of the proposition — 
‘a for a sea-level canal, but he has faith in the resourcefulness, in the - 
genius of American engineering talent to solve all problems in con- 
nection with the proposition . completely and successfully, when Oe 
with the mandate of the nation. 
Mr. Herschel. CLEMENS Herscuet, M. Am. Soc. C. E. (by letter). .—Proof 
pears be lecking that, as the paper: ; q 


“Tt 5 is well known ‘that a sea- -level canal pertaining to the nature : 

of a strait is not possible at Panama. < The tidal fluctuation of 20 ft. 

at the Pacific terminus, while the Atlantic end is practically tideless, — 

makes imperative the introduction of a tide lock at Panama, by — 
which ships can be locked up or down, into or from the canal, de-— 

pending on the stage of the sea level at ‘the time of taking or leaving» 

the waterway. tidal lock will limit the number of 


ed “a Mr. Paschke. Christopher Columbus, which resulted in the discovery of this con- 
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passing just as much as a series of locks in a lock Mr. | Herschel, 


te A study of their history may prevent future assumptions that a 
tidal variation at one or both ends of such canals, of material length,  —_- 
oT he Corinth Canal. —The sea-level canal across the Isthmus of jouer 
Corinth was projected by Periander, Tyrant of Corinth, 628 B.C.; © 
by Demetrius Poliorcetes, one of the successors of ‘Alexander 
the Great. it was done by the Roman Emperor Nero, and 
“The: Egyptians, to whom Demetrius Poliorcetes had confided the 
_ studies of the enterprise, declared that the Gulf of Corinth was so . 
much higher than that of Egina, that the latter bay would be in nee 
_ danger of Sneha its islands and shores submerged. The abandon- se 
ment of Nero’s scheme is due, probably, to the same error, and to 
the superstition of the natives, carefully encouraged by the priests 
of Corinth, who were fearful of seeing 


visiting | their sanctuary diminished.” 


ported by science or computation, the Panama Canal. 
da: The Corinth Canal was completed about 1896; some 2 500 years 


whl it joins, — what has been their result in the way of produc- po 


ing currents in this sea-level canal without locks, ‘the writer has 


r been unable to ascertain with precision. It is stated, however, in an 
a appendix to the Report of the Board of Consulting Engineers for the és 
Panama Canal, that among others, the Lusitania, a vessel of 42.5 ft. He 


—o beam, drawing 20 ft., and 320 ft. long, has passed through the canal, be 4s 


y _ It may properly be inferred, therefore, that the tidal currents of - 5 


fe: and a newspaper account* states that the current in the canal, on “oe, aan 
day indicated, was 3 knots per hour, 


_ this canal are not an important factor in its operation, especially not | vs a 


for modern steam, or other power, navigation; nor have the e allied 
dire predictions of the old-time Egyptians, previously noted, > 4 


and others like them, did this, however: = 2 years 


* York Tribune, March 18th, 


a 
beyond any considerations of what is to be built finally at Panama; 
so that it deserves attention, whether or not the details of the 
Panama Canal have been settled. = 
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Herschel, they hindered and obstructed, and presumably _— callie the 


2 construction of this long- desired work, by reason of fancies enter- 
a with regard to it, and by putting forward these fancies, = 7 
od the way of the earnest: workers who, during all that t time, | were e striv- 
ing ‘to bring about a needed public work. 
The Suez Canal.—tIt will not be necessary to rehearse 
- opposition to the construction of the Suez Sea- level Canal ime, 
instructive. should be r read before the reports 


- Said Lord Palmerston, in condemning the scheme as “one which 
no Englishmen with his eyes open would think it desirable to en- J i 


4 
“As the engineering difficulties, I am aware there is 


: — ing which money and skill cannot overcome, except to stop the tides 
of the ocean, and to make rivers run up to their sources. But I take — 
leave to affirm, upon pretty good authority, that this plan cannot be 

- accomplished, except at an expense which would preclude its being a 
remunerative undertaking ; and I, therefore, think I am not much — 
out of the way in stating this to be one of the bubble schemes which — 

are often set on foot to induce English capitalists to embark their 
‘ a money upon enterprises which, in the end, will only leave them — 


poorer, whomever else they may make richer.’ 


Robert Stevenson then arose, and said 


“He woulds not venture to enter upon on the political bearings of the | 
re a subject with respect to the other powers of Europe, but would con- ‘4 
fine himself merely to the engineering capabilities of the scheme. — 
_ He had travelled, partly on foot, over the country to which the 
project applied, and had watched with great interest the progress 
that had been made by various parties in examining the question. _ 
‘He had first investigated the subject in 1847, in conjunction with 
ZZ Paulin Talabot, a French engineer, and M. de Negrelli, an _ 
— engineer. At the suggestion of Linant Bey, : a French en-— 
_ gineer, who had been upwards of twenty years resident in Egypt, | 
and feeling how important was the establishment, if possible, of a 4 a 
“Seem between the Red Sea and the Mediterranean, he had 
ee 4° _ qualified himself to form an opinion on the subject. * * * * * a 
“Commercially speaking, he frankly declared it to be im- 
scheme. What its political import might be he could 


7 


not say, but as an engineer he would pronounce it to be an unde- — 

2 a _ sirable scheme, in a commercial point of view, and that the railway 

(new nearly completed) would, as far as concerned India and postal iy @ 
arrangements, be more expeditious, more certain, and more economi- © 
eal than even if there were this new Bosphorus between the Red Sea | 


Ine common with some other railroad men, Robert Stevenson, ; 
though a great to have thought that there was noth- 
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Tet that pass. This canal, was to brought 1 n 

3 all who were in any way - connected with it, has become a well- 
established and most profitable piece of property, paying more than e - 
000 000 annually to its stock and bond holders, and 


ee The currents through the Suez Canal , concerning which there 7 
were prophecies of dire calamities—some, notably the ablest English __ 
engineers, claiming that they would be strong enough to destroy the | 
canal, and must be controlled by locks; while others thought there 
not be sufficient current to keep the harbors o open— 
_ have proven to be a benefit rather than an objection. _ They are fully - ae = 
described in Annales des Ponts et Chaussées, 1898, 3° Trimestre. 
=e Briefly stated, there is a Red Sea tide at one end of the Suez 

Canal, | of about 5 54 ft.; 2 or 3 ft. more than this during occasional = i 
Red Sea storms. That is to say, to be fair about it, the level of the — 
Red Sea varies from a level of about 3 ft. above, to a level of about | ‘om 
3 ft. below, mean level of the sea; while, 15 miles away, the Bitter 

hardly vary in level at all. There is thus produced a slope of 
4 r surface (between ends) causing . for 6 hours a current to the 
north, alternating with the same slope and a current to the south for 
another 6 hours, with a period of slack water, or of no current ~ 
either direction, i in the middle of hour period, and So on; ap- 

ximately like a huge te 

perpetual oscillation. These thus produced, on a slope, be 

tween end water levels, of 24 in. to the mile of canal, attain a 

SS velocity, at the four daily moments of greatest velocity, of never 
more than 2. 67 ft . per si sec. (1.6 knots p per hour) i in spring tides, 

P Bad) But, be it noted: These currents, of no harm in themselves, are _ 
pee creatures of but a ‘moment. — begin to die, as they are born ; ae 


tale a maximum as given, they slack off again during 

another 3 hours, until another slack- water is reached, and so on, 24 veal 

making four times of slack-water every every lunar day. it 
would be as true to state that there is no current in the canal, as it 


to state only that the currents have a velocity 6 as is so 
Be that as it may, the Suez Canal has shown itself a navi- 

see channel, and any proposition to put a a lock into it, for | any _— 


“en have been nigh univenally forgotten; but it is instructive to 
he them restated, that similar fancies held at the present day, and 


Theiss of probable future recurrence, may be recognized as such, =o 
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Herschel. East Ship Tasmania.—History appears not to 
have recorded the dire before the construction of 


we inhabit, or pn wrecking vessels which might attempt to stem 7 
the Charybdis to be formed, were not wanting. _ Projects for sea- 
= canals seem to educe that effect out of the human mind. But, _ 


= in the Minutes vd Proceedings of the Institution of Civil Engineers® 


“From observations prev ity was cale ulated that a cur- 
rent would flow in the canal from north to south; it is now found = po 
that a current of 2 to 3 miles an hour flows in winter from south to | 
north, and in from to south, with irregular intervals 

Panama Conal.—This is a subject, and let no one suppose __ 
it is about to be in its entirety. TI hat would 

th 

‘not to give. But, as the gine 

ing and popular idiosyncracy of jumping to the conclusion that a — 

sea-level canal palpably needs lock k, the recent history of 

“momentous enterprise offers: a most instructive les lesson for 

future avoidance. 

_ other sea-level projects, it would at date presumably have little value, » 

tele and certainly would not have been written, for the construction of 

a the Panama Canal has now been fairly launched on the sea of chance — A 

effects; or, possibly, its mode of construction has been settled upon, a 

and i is no longer open to discussion. 

first official statement, that a ‘sea- -level canal at 
could not be built without a lock, came in the letter of the Chairman iz 

of the Isthmian Canal Commission to the Board of Consulting 

Engin ers, of September Ist, 1905. This is. what was said in 

that the rapid developments of naval architecture make it difficult 


3 to determine “we Proper dimensions of the lock chambers. * * * * — 
# # # Moreover, it is not possible to dispense with 
A entirely, Even with the sea- a 
Such instructions: to a Board of from 
_ ome who is not an engineer, presumably were based on some en- . : 
gineer’s statement carrying conviction with it. . Perhaps these in- 
structions were based on page 224 of the book, “Problems of the 
an Panama Canal,” 1905. But truth is mighty, wots must ere and — 


== must the pore be 


>= 


— 
common routes of travel as one is apt to voyage. Unques' 
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USSIO ON THE 
following is found on page 224: exewenss vars 
“Tt may be remarked, at the outset, that a construction a 
without locks is impracticable at any expense, since the tidal oscil- _ 


lation of the Pacific, about 20 ft., can only be controlled by a lock — 
near Miraflores. One lock being a necessity, the addition = cam 


a 20-ft. tide exists at one end ‘of the canal tan pincer of 10 —_ 
on either side of mean level of the sea is meant), no facts or results” a 
_— us supply these, for, without them, authority, still | — 
_ obiter dicta, should be viewed with suspicion, in the tied of an 
engineering project, rather than be allowed to rule 
It has been seen that between end water on ‘the 
Suez Canal, of 2} in. to the mile, produced a ‘maximum velocity 
2.67 ft. per sec. (1.6 knots); and it will ‘not require e profound 
computations to show that, in a Panama 


t 
ago made, by ma ne masters of ‘the science 2 of 
a and my be found in the records sal the meetings of the a ne 
T the situation, found by the able Committee of the French 
Academy, would be exactly similar to the one described as existing 
in the Suez Canal: a long water surface, no ‘matter now whether 3 
plane, or slightly curved, or how curved, this time 45 miles long, | 
hinged, as it were, at one end, and the other end oscillating some ‘3 Ie 
10 ft. above and below the fixed mean level of the sea, making alter- = Wag 
nately a slope, between end water surfaces, and currents , to the 
north, and to the south, about 3 in. to the mile of such maximum lS 4: 
slope, and maximum currents of about 4 ft. per sec. (23 knots). 
_ rare occasions during the year, brought about by strong gales, 
“a - this may be exceeded, and there is roc room for the | excess without m ma- 
obstructing navigation. ‘Vessels do nav igate channels: in 
whieh the velocity of the currents is 5 and 6 knots and even greater, a 
‘ up to 10 and 12 knots in narrow channels on river rapids. But it bey 
is not the writer's to discuss debatable questions, and the 
a. precise lin 
there should be no difference of as to the statement 
q = the velocities in the Panama Canal should have been computed © 
aq years ago, and conclusions based on n assumptions with regard to them 
i, should have been : studiously avoided. It would undoubtedly r 


* Comptes Rendus, 1887, Vol. 104, 1484. 7 
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is too much, to expect the plain United States 
citizen as a volunteer offering, so that its absence in this discussion — 
4 a It must be remembered that this is no 0 mere case « of uniform) 
flow, or of the application solely of a Kutter or a Chezy formula. 
Equally important and applicable is the law of the propagation 
t water levels by means of water waves, which controls, even acts as a 


check on, the ordinary canal flow formulas. ‘moment's 


oe In the ordinary canal formulas, an increase of cross-section not- J 
ny ably i increases the velocity, other things being equal, and so on with- 
— out limit. If this were true in sea-level canals and channels, the 
| Harlem River would be unfit for ‘navigation, and the East River — 
would be like the Niagara Rapids just up-stream from the Whirl- 
pool. - But Nature is much more resourceful than all that. It re- 7 
quires, to be sure, some length of channel to moderate the action of | 
A gravity and tidal influen nces on these large bodies of water, but, with 
40 odd miles of canal through which the water can flow, it can readily 
_ be understood that the generated currents need at no moment of ne 
exceed 4 ft. per sec. in the Panama Canal cross-section of 1887, as — 
computed by Boussinesq and others, and immaterially- more than 
this for the ‘somewhat greater’ cross-section now proposed ; and, ‘a 
_ should the canal even be widened into a strait—a somewhat doubt- 
event—the natural effect soon be to improve the 


from the Chairman of the Isthmian Canal Commission with regard 
10 lock gates on September 1st. Many engineers, and a host of 
_ others, immediately jumped to the conclusion quoted. In magazine — 
ertictes and newspapers the ery was _ immediately taken up that 
“one lock being a necessity y, the addition of four others becomes less a 
~ objectionable,” and the world will probably never know what part 
' this delusion, at first apparently only a chance remark, or one made 
" without due reflection, had in de ‘termining, in the Board of Consult- 
a ing Engineers, the type of canal to be constructed at Panama. Pi Le 


_ As early as September 16th* “one of the Board of Consulting — 
was publicly quoted as decided for a lock canal, and, 
thereafter, the kind of vox popult above named had full sway. 
wan This is not saying that, in certain cases, vox > populi has not merit. = 


‘But it ‘should be remembered, that it cannot control nna: facts, 


= f one or two skilful hyc that to the capabili 
Mr Herschel the work o a computation, but what 
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"reason for assertion that it required effort to wring 
= following from the majority of a divided, undoubtedly com- : 


“The question of the necessity of a tidal lock at the 
end of the canal has been raised by engineers of repute, but the 
limited time a vailable to the Board has not permitted the full con- — 

_ gideration of this question, which is desirable. It is probable that } 
in the absence of a tidal lock the tidal currents during extreme spring a 
oscillations would reach 5 miles per hour. While it might be pos- 
sible to devise facilities which would permit ships of large size to 
’ enter or leave the canal during the existence of such currents, the _ 
_ Board has considered it advisable to contemplate and estimate for 
a _ twin tidal locks located near Sosa Hill, even though the period dur- 

A ing which they would be needed would probably be confined to a part J ay 
“The highest recently | recorded range of spring tides which the 
‘Board has seen (September, 1905) was 19 ft. 9 in. between extreme _ 
low and extreme high water, while from 1882 to 1887 the highest 

q _ amplitude reported was 20.93 ft. With such tides for a brief period | 

at dead low water there would be a differential head of about 10 ft.— 
that is to say, the water in the canal (45 miles away)* would be 10 ft. 

fs _ above that in the bay, while at extreme high water for a corre- 

_- _ spondingly short period the level of the water in the bay would be — 
ft. higher than that i in the canal (45 miles away).* 


the of: tide: thn would be no of level 
between the bay and the canal, so that during that period of the 
tide all the gates of the tidal lock could be open, leaving an unob- — 
& structed passage for vessels until the approach of the flood tide ren- _ 
dered it necessary for the gates to be closed until slack water would 
_ again be reached, and so on for each succeeding spring tide. During — 
5 neap tides the range is so small that it will not be found ae, 
to bring the gates of the lock into use. Consequently, throughout - a4 
the neap period of each tidal cycle a continuously open and unob- 
structed passage for traffic will be provided through the tidal locks.” = 


All this errs, it is here argued, on on the side of that safety y which 


especial harm, except that the guepeaition to be Jock- 
gates to control currents, is believed to be impracticable. It would a - 
also disarrange the normal and balanced natural play of the tidesin 

_ establishing harmless currents, throughout the length of the canal, — 

_ from the Atlantic to the Pacific. A lock i is also a , constriction of the 

normal area of the body of w ater of the canal. For the water to 
pass through the lock will r require an undesirable increase of the | ‘oy 
normal velocity within the lock. In other words, the canal must _ 


either be all or all lock. 
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"DISCUSSION ON PANAMA CANAL. 
The sea- -level ‘canal could be built without a tide- lock, and of - 
uniform cross-sectional area, without lack of deference to the doubt- 
ing; for a tide-lock could be added at any Bt 
-_ But let all that also pass; the point to be emphasized is the 3 
expression of the hope that 
a not be afflicted with the unwarranted ‘assumptions s of its ‘opponents, — Ss 
as has been that of the Panama Canal, and, apparently, of each of = 
_ the three lockless sea-level canals now in existence, assumptions 
_ which before now have altogether prevented the teers: of sea- 4 
Mr. Menocal. Menocat, M. Soc. E. (by letter) —As this paper 
prepared before the Board of Consulting “engineers for the 
Panama Canal had completed its labors and made public its con-— 
alba the writer had before him for comparison with his plan i. 
=, for a lock canal at Panama the previously accepted project of a4 ; 
— Isthmian Canal Commission of 1900-1901. He has been informed — 
since, by the reports of the majority and the minority of the Board, 
- that the former recommends the construction of a sea-level canal - 
at an estimated cost of $247 021 200, with from 12 to 13 years as 4 
_ the construction period, while the latter recommends a lock canal at 
the 85- ft. level, estimated to cost $140 000 000, and to be completed — 


After careful consideration of the in the 
reports, both for and against the two plans proposed, the writer still 4 
claims that the lock canal which he advocates i is the best ‘solution of | 


as ‘to conform to the depth of 40 ft., as by the 
-. and a bottom width of not less than 200 ft. between the locks and _ 
400 ft. in the sea- -level section, its cost may exceed the estimated — 
7 cost of the 85- ft. plan proposed by the minority, but it is believed 4 
_ that the increased cost, if any, would be a profitable investment in 
the interest of a better canal. It is less tortuous, more free from cur- _ 
c rents, from submerged channels and from flood waters and pore 
mentary deposits, and, above all, its safety is capable of mathemati-_ 
eapported by the best and most conservative en- 
2 gineering practice, which cannot be claimed for the > controlling — 
_ features of the minority’s project. In the latter plan the safety of — 
the canal is dependent on the efficiency and permanency of an earth | 
dam, 7 ‘7700 ft. long, resting for a distance of 2 640 “4 measured at 
ae level, on two. gorges, 208 ft. and 258 ft. dee vely, 
gonfined by steep, rocky cliffs and filled with alluvial deposit, viz. 
= s sand, clay, shells, wood, silt, gravel, ete. , promiscuously distributed _ 
a and arranged by the River Chagres. The stability of this dam, im- — 
- pounding a lake of 118 sq. miles, and 85 ft. deep at the dam, is based alt 
on the the gorges referred to are filled im- 
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oN ‘THE PAN AMA CANAL. 
ervious blanket 200 ft. thick, upon which the embankment is to Mr. Menoeal 
‘rest, and that, for that reason, leakage under the dam will be in- 
That theory, however, appears to be disproved by he 
testimony of Supported by the te records the 


United States Senet. was shown by borings, taken at vari- 

ous places and penetrating to various depths in those gorges, that at i 
all points where the lower end of the pipe was in the alluvial deposit, 
= ater flowed out of the upper end of the pipe several feet above =. 
ground, showi ing, conclusively, that the material in those gorges, 
“ far from being impervious, is water-borne, and that water under 
pressure flows freely through the mass. ‘These un- 
favorable features of dam site, together with the uneven n settle- 
q 
of the soil, at the of the 
cliffs, under the weight of from 7 to 8 tons per sq. ft. of embank- 
ment, and exclusive of the 85-ft. head of water, seem to point out - 
which dependence on such a dam for the safety of 
za enormous interests involved in this ‘canal, may be regarded asa 

Reconstructing the proposed plan by lowering the Gatun da ; 
building another low earth dam across the Chagres at some place _™ 

— above that point, say, at Bohio, as has been suggested, would not, in 

the wr riter’s opinion, overcome the difficulties, but rather ner 

them. Water now flows freely through the geological gorges at both 

Bohio and Gatun, and nothing short of a masonry dam resting on 

solid rock, or an earth dam with a masonry core, , will cut it off. — Two 

low dams would mean two shallow lakes, in lieu of the 85-ft. level 

te extending from Gatun to Pedro Miguel, involving more diffi- 
x culties i in handling the flood waters, in — for the water r supply & 


_ The risks inherent to the proposed flight of locks. with ‘an 
aggregate lift of 85 ft., located at Gatun, within six miles of the sea __ 
coast, and the disastrous results that would a failure of the 

1ave 
been fully out: in the report of the y of the Board 
ae in the oycsieomy Saga the Committee of the Senate, and need | 


_ the advantages of a sea-level canal over one with locks, but the > & 
writer still ges to the opinion that a lock canal of suitable dimen- 
sions and free from works = of doubtful stability will be ample to So 
“accommodate all the traffic likely to “use the Asthmiar an 
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‘ many years with the same facilities and safety to navigation as can 
be provided by a sea-level canal, except for the additional time con- 
sumed in passing through the lift locks, which, for the canal prow 
posed in this paper, should not exceed three hours; and it is believed — 
that no ship-owner would be willing to pay a bonus sufficient to _ 
ye _ meet his proportional share of the interest and amortization of the i 


a: high- level waterway can he oe es so as to admit of greater free- 
_ dom and speed in transit, at very much less cost and in less time than 
_ would be involved in similar enlargement of the sea- mgs canal, by 

reason of less depths: in the excavations and facilities 


Fa 


§ years an enormous annual witheuts serious accidents or 
interruption of business, shows that such accidents are quite remote, 
4 and that by observing proper precaution in handling the vessels = | 


said sea- canal proposed is not free dangers of 


ae 4 that kind, either from difficulties in navigating a large ship through 
restricted tortuous channel with rocky sides, with oF against cur-- 
rents which have been estimated at 2.5 miles" an hour, or from 
failure of dams or - embankments | built, partly at least, ey alluvial a 
why soil and impounding large bodies of water suspended at considerable a a 
elevation above, and close to, the camal, 
seems to | be a a tendency it in the minds of many, and the 4 


that if a lock is built at it ‘should be of a 
aa a type as will admit of being converted to the sea-level plan as - 
goon the demands of commerce require such transformation. 
Ww hile not believing that such a time will ever arrive, , because the 
-. lock canal can be made to meet all ‘the requirements, it may be = 
_ proper to state that the plan proposed herein has the additional — 
_ advantage of being capable of such a change in type, and that when 4 
so transformed it will ll _be a better and safer sea- “level canal than any 
ks proposed, for the v very good } reason that the flood waters of the — 


_ Chagres above Gamboa would have a free outlet to the sea through © 
the disused lock canal from ‘Gombes to Gatun, and thence by the 
canal” of derivation partially completed by the French Company, 


but enlarged and protected by embankments where needed to carry 
the additional flow into Mansanillo Bay. 


2 he excavation for a sea-level canal between Gatun and Obispo — 
and the diversion of the tributaries of the C Jhagres Gamboa 
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DISCUSSION ON THE “PANAMA | CANAL. 
can be carried on without re: strictions imposed by the canal traffic, Mr. ‘Menocal. 
= as the Culebra section is cut down, locks can be built south of B ee nee ; 
- the viaduct to descend to the new levels created, until the sea level 


is reached. _ These locks would be abandoned when the ae level 


tures s shaped out of the solid the cost not be large. 
ce Considering its enormous cost; the long time required for its es 
completion; the uncertainties surrounding the work; the great ex- _ 

‘pense and delay involved in its enlargement; the difficulties in navi- 
‘ation on account of tortuous, narrow channels, currents, and sedi- 
‘mentary deposits brought down by the rivers discharging into it; 

_ the writer is of the opinion that a sea-level canal at Panama should 

o be undertaken only as a last resort, viz., after it has been proved a. 

a safe lock canal cannot be constructed there. 

That a tide lock will be needed at the Pacific end of a sea-level — 
canal built at Panama, has been demonstrated by the practical — 
operations of other canals with tidal oscillations at ‘their termini. 
At the Red Sea end of the Suez Canal the maximum rise and fall _ 

i the tide is from 7 to 8 ft. The current produced in the canal — 

by this fluctuation of levels, extends for a distance of 12 miles to the | 

Bitter ‘Lakes, where it disappears. It attains a speed of about 3 ~ 

miles ‘an hour near the canal entrance. This current does not 

_ impede navigation through the canal, but it obstructs it to the — 

extent that ships 1 mov ing in the direction of the current ‘cannot 

be stopped; those going in the opposite direction being tied up to 

_ allow the others to pass. _ The rise and fall of the tide at Panama £., 

- being nearly three times as great as at Suez the current developed J 

& the canal must be ‘proportionally ‘greater, and navigation with or : 

7) against the current impracticable. 

the point where the Manchester Canal meets the River 

Mersey, the rise and | fall of the tide is about 20 ft., practically the 

a as at Panama. — Mr. Hunter, Chief Engineer of the canal and 

member of the Board of Consulting Engineers of the Panama 
- Siam has declared that, from. his observations at Manchester, a 

tidal lock would be necessary at Panama, and the Board was unani- 
Th the case of the Kiel Canal it has been found that the tidal 
rents through the tide lock, when the gates are open, offer such 
an impediment to the manipulation of the gates, that the original — 
_ expectation that they would be kept open a great portion of il 
time has not been realized, and d they are closed. 


will meet with the disappointment experienced at Kiel. The ene. 
surface being at about mean sea level, it is quite evident ‘that when b 
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will interfere se wth: the of the e gates, and 
no ship can approach the lock or attempt to pass between the gates 
with At dead high gel surface of the 


and canal will re der. navigation impracticable. 
a a mathematical demonstration of the curves of tidal mae 
ok the Panama Canal, under the constantly varying conditions of 
- Jevel, winds and other factors affecting that complicated problem, — 
jae be very interesting from a technical point of view, but it in 


not likely to lead to practical results different from those shown i in 
operations of other canals, 


— 
| 
— a 


AMERICAN SOCIETY OF CIVIL ENGINEERS, 
INSTITUTED 1852. 


GE B. Franc IS AND ‘Deynis,f MEMBERS Am. Soc. 


AND ‘WYOMING VALLEY RAILROAD. 


e, Church, 
‘ie and | Company ‘constructed a double- track, high- -speed, electric 


: railroad, on | private right of way, in the heart of the Northern . Ane” a 
thracite coal field, with termini at Wilkes- Barre on the ‘south, am eae 
‘Seranton on the north, distance o of of about 20 miles. 


of the city, with 4% grades, onat temporary | line se peat permit — 


xs During | 1904 and 1905 a was” constructed through this 

Ail, ona permanent | line and at n moderate grades. of this 
was ac- 


~ complished in recor 
3 The preliminary surveys for the tunnel line were » made i in 1902 an 
and the first location was under Irving Avenue, Scranton, one block — 


“nearer th the center 0 of the city than the existing line, the object being 
to 


* Presented at the meeting of May 16th, 1906. 
_ + That portion of the describing the tunnel general! ee been prepared by 
Mr. Francis, Civil Engineer for Westinghouse, Church, 4 & pan that por- 
ae tion describing the contractor's yy and operations has been prepa by Mr. Dennis, 
Vice-President of the Rinehart & Dennis Company, General Contractors. aie 
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- — No. 3 coal vein, cropping out just | beyond d the « company’s 
i. = plant. 7 It was hoped that this might p prove an ¢ easy, quick and é 


inexpensive means of tunneling, but surveys in the mines -demon- — 


strated that the workings were not favorable to accomplishment 


of this plan. The drift was above and below the tunnel grade | and 


crossed the profile twice, introducing | puzzling questions of support. 
It was finally determined to locate a line which would avoid these 


~ _ old mine workings and clear the limits | of the coal yet to be mined. 
= Be new line was located to the south of Irving Avenue, under 


private land contiguous to Crown Avenue. 
The contract for as single-track tunnel was executed on 1st, 
1904, with the Rinehart and Dennis Company, of Washington, D. 


we 


‘Time wa was the essence of this contract, which provided for the com- — 


"pletion of the work, stage admitting of track laying throughout, 


in a a period of 16 months, under a penalty ‘and bonus clause pee 
viding for the paym payment of $200 per day, 
was commenced on July 5th, "1904, afte a brief delay on a 
‘of right- of-my matters. The first round of holes for the a 
heading was fired on August 12th, 1904, at the north portal, about = s 


ene month having been in exeavating the approach cut. 


ad 


The exeay: ation was co completed and the tunnel ready for laying 


track on July 18th, 1905, contractors earning a of 
From a knowledge of the geology in vicinity, a deter- 
. mination of the nature of the rock through which the tunnel would b | 


| 


be be driven, it was evident that some portions would require lining; - 
but, at the time the work was let, it was not known how much. am q 


Typical sections were prepared showing the the method of treatment 
| 


- «After the work had progressed for a sieobaih of six months it was 
quite evident that nearly all the “tunnel was in rock of inferior 

quality, and would require lining of some charecter for nearly 


its entire length. The: rock had a tendency to slab off or or drop in) q 


a, small | | pieces s rather than settle down on the supports in large eres 
= ae To effect a saving in the initial cost of construction, it was 3 de- a ¥ 
_— "termined to introduce some form of permanent timber lining which 7 a 
would take the place of the more expensive masonry section. 
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TUNNEL CONS TRUCTION. 


seri saving, both i in excavation and masonry. At ‘such future 


4 
time as it is desired to reline the tunnel, ‘short stretches of ‘the 
a timber r may b be removed and replaced with timber or masonry. 7 


Total length, face to face of 4 747 


length excavated as tunnel. . 


Portal extended at north end. 


* 


“Height above of rail. 
Depth below top of rail.. 
“Arch, semi- -circular, radius. 
Shaft No. 1, 10 by 20 ft., depth.......... 
t No. 2, 10 0 by 20 ft., depth. 


ere: 


of the tunnel at the surface passed ough 
¢ ome 


y on the ¢ axis = 


hed to be established on the pr prime base on Aven enue 
: a —Owing to the configuration of the surface at the portals, — 
= curves had to be extended into each end of the tunnel; ened ae “nt 
a 5.—The shafts were located to one side of the center line of the 
tu 


nnel, ‘and came pactly without and partly within the. tunnel prism. 


et. prime base was established along Crown Avenue, 45 ft. from, — 

and parallel with, the projected tunnel line. This line” was run 


as and re- run, reversing the transit telescope, differences v were elim- 

inated and adjusted, and permanent ‘points established. Then, as as 
a check on the work, a line was run over the times, 


After a a base line w with no error had in 


Avenue, tangents were b brought ahead from the existing 


racks at each end to an intersection with this base line; ; and, e.- 


Extended to. carr, y the roa tunnel. 


aig 

fa 
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ae 
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22% : TUNNEL CONSTRUCTION. 
north enc end, a base 80 ft. long was ob obtained for r measuring 
- Angles were turned a ® sufficient 1 number of times to insure their cor- 
rect valuation, and curves were run in and checked by direct meas- 
‘urements from tangents and by | complete triangles, i in which all dis- — 


method a point was established on center 7 
the eu curve at a convenient. place near each. 


ve . From the points established along Crown Avenue, other points - 

"convenient, to the shafts were in place, and from these one at 


tole the line down the st shafts. As ‘the center line of the tunnel 
45 ft. distant, another was necessary at the foot of the “ig 


¥ shafts. _ It was complicated still further at these points, in the early 4 


= ‘stages of the work, by the presence of pillars or shoulders of eueks left 


a. on either side at the bottom of the ‘shafts for the protection of the a 
hoisting apparatus, and two more offsets had be made to get to 
center line. After ‘the removal of this ro rock the line was taken 


directly from the wires in the shafts by. producing the lines about - 4 a 
200 ft. either way and repeating the “operations until there was 


The method of taking the the shafts, shown in 


pec 1, was simple, but great care was taken to make the lines ts 
accurate. An observer with a transit, with a a fixed fore- sight, 


about 30 Ib. » were suspended with copper wires from | points about Z o 
2 ft. above the ‘curb, or top, of the lining of the shaft. A Re 


wires were hung over a notched bolt, » Funning through a 3 


pring left. on t the sur surface of the ground. lumb- ‘bobs, weighing 


shaped piece of i iron, with a ‘thumb-serew and spring adjustment. 


. ‘a The plumb-bobs were steadied in casks of water or oil at the bottom q 4 
of the shafts, and the casks had covers 80 that dripping water would ’ 
= disturb the surface of the liquid. " Even with this precaution, 
there always some tremor in the wires, to fact that 
they v were frequently st struck by by y falling water. 
a eae The lines met in the headings between the south portal and Shaft x 
No.1 with a variation of 0.16 ft.; between Shafts Nos. 1 and 2 
Fees with a variation of 0.02 ft.; sean between Shaft No. 2 and | the north | 


portal with a variation of 0.23 ft. In. no case was the center lin, 


as run from the shafts, more than 1 i in. from the actual center line. 
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of 0.0 Of ft; : nd the 
variation 01 0.05 v7 
| dail and Grade.—At the south end of the tunnel a 4° 14" 
curve, with a spiral 218. 75 ft. long, was run i in to connect the center 
dine of the existing track : with the center line of the ‘tunnel. All the 


and 270.34 ft. of regular 4° 14 curve inside the 


po 


r 


tal, or a total of 489.09 ft. of curve, was run in at this end. — — 

ws At the north end, owing to a very narrow valley, a 10° eure, 
a Ww with spirals - 400 ft. long, at each | end, had to be introduced. One 


a at spiral, together with 186.2 21 ft. of of regular 10° curve, or a es, 
686.21 ft. of curve, was inside the t tunnel portal. poe 2S Ea i 


At this end, as at the south portal, lines were given as the wore ~ 


.—The excavation audi on at six 


m- of attack, two shafts being sunk, about 1 500 ft. apart, from 

which headings were worked in both directions, as well as at t the 
north ‘and south portals. 7 Fig. 2 shows that 56%, or more than one 
half, of f the tunnel excavation was shafts, th the 
work being expedited thereby fully a year in 
: ‘The method of tunneling was in accordance with the usual 
4 _ American: practice. its The top heading was taken | tot the full’ ‘size 

* of the section, 9 by 21 1 ft. , and the length carried on in advance ¢ of. 

“the bench varied from 50 to 800 ft. bench was afterward split - 
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full tunnel'section, 
_— ‘The tunnel, generally, has a grade of 1%, but, for a short diss 
tance at the n 3 
Pt 
i two li 
quantity of 
follows: 
| 


> 


of Spoil —The portal excava excavation at north end was 


ani ‘portion v was s loaded o on cars ars and eae as ‘rip- -rap pat a point o1 on 


the line of the road nearly 16 miles away 


Y The excavation from Shaft No. 1 was dumped on | low land near 
ty, purchased for the ‘purpose; and that from Shaft No. 2 “was 2 
hauled by s surface incline tos a a dump a about 1 200 ft. awi away and from 
The work was on by night and day i in two 10 shifts. 
Lining— small quantity, of temporary lining, outside of the 
@ 


roof. other p laces these falls were less frequent, but the 
Poof would slab off to such 2 an extent a as to make it necessary | to - 

"regular train | service 
Concrete masonry was as adopted for those portions: of the 


poorest Lining of this kind, being the most expensiv 
was restricted as much as possible, and 1 permanent timber lining 


‘The permanent is of the usual pattern of vouss 


5 ft. on centers, with a 4-i -in. lagging. ~The yellow ‘pine t timber 


used for this purpose should last about 12 years before requiring 
a renewal, and at the end of that time i it can be renewed or ‘replaced — 


At three different p points in the ‘tunnel there were a few hundred 
. _ feet where the rock was found id sufficiently good t to bo require 1 no lining. 
7 _'s There hes been one fall, a moderate size, however, since the ¢ open- 


> of the tunnel for 1 regular traffic. | These po portions of the roof. wok 
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falls it will have to be lined. 
| The following are the lengths of the different sections: 
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Class: ‘concrete, in the arches of the roof or in the side walls 

_ where the thickness does not exceed 26 in., 1 part cement, 2 parts ; 
sand and 4 parts broken st stone. | 
Class concrete, in the side walls or tunnel arches, where the 

backing is rock in cement, 8 sand | and 5 parts” 


Table 1 gives the cement tests made. 


No. of 


742 | 854 
3 849 


4 


- 


_ Nore.—With the exception of the first item, the number of briquettes tested in oh a 
ee. was six, and the figures given herein are the averages of the various tests. _ Y 


Bhafts— —There are two shafts (10 by 20 ft. neat size), which were 


~ located at available points, and divided the 2 tunnel into three nearly 
- equal parts. Shaft No. 1 has a a depth of one ft. and Shaft No. 2 a 
These shafts were placed to one side the center ine of the 
tunnel, the object being to provide a place where the shaft leads 
; and rigging would be out of the way and be less likely to be ins 
jured by blasting, thus ‘obviating the ‘resultant delays in the early 
- prosecution of the work at these points. This location of th the : shafts 
was also a safeguard against p possible accidents caused by y dropping : 


tools, ete., from m above, or spoil from the cars while being hoisted. = P 


Asa further tot this hoisting appar ratus against blasting, 
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Mov ed until the tunnel excavation had advanced to 0 points st 


This ‘arrangement of ‘the shafts w was requested b by 
=. ‘contractor, as it would enable him to lay. the tracks in the tunnel ae 


a manner that the cars loaded with spoil, as they arrived at the 


a mouth of the shafts, , could, if found necessary, be shifted into. either 


of the cages and raised to the surface without loss of time, thus 


a the he maximum service from this part of of the e equipment. In 


the actual pr prosecution of ‘tee Welk, | , however, this s was not found 

a Each shaft was divided into two compartments by center cross- _ 


bracing, and these compartments formed the well for the cage 
~ elevator, w which was 8 ft. 7 in. , square. - The cages were built up of 
steel shapes, , strongly heat together, with a a top cover of plate i iron, 
only ‘wood about. them being the floors. Channel| guides” 
provided for the entire height ¢ of the € cages, about 9 ft. and these | 4 


engaged 5 by 8-in., dressed, hands -pine leads” fenly to the 
From each cage a wire hoisting cable, in. in diameter, was 
attached to the e engine, both ‘cables 1 winding « on . the same drum, the | 

oad on the ‘engine being lightened to the extent of the empt y neil 


iting engines w were horizontal, two- -eylinder, single- drum, 


driven, andof 
‘The he head- “house, or hoisting frame, consisted of three framed 
_ ents, of 1 by 19-5 -in. and 12 by -in. hard- -pine timber, well tied 
together at top ‘and bottom. Between this hoisting frame and the 
; engine a guide with two sheaves was set up to keep 1 the cable at the — 
proper rangle | to feed to the drum. 4 
One man was always stationed at the ¢ top and another at the s 
bottom of the shafts, and no movement of the cages: was permitted © 
until they had | interchanged signals, and the man at the top of the i i. 
shaft had given en the signal to the engineer. No accident resulted J 


Sin The two ‘shafts have been for ventilating purposes ; 


the chafte and these _ 
not 
F 
such 
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the cages were directly cross-connected with a 3-in. cable operating 
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timber lining, which has been left i in place, 
; era openings | have been covered. with cerib houses, about 10 ft. nic 
bigh, and built of 8 by 8 
. = solidly drift- bolted. wf A fiat roof-gra -grating, of the 8 same me material, + 
— the structure, and provides s a covering ¢ of sufficient strength c¢ 
to prevent anyone, especially children, from tearing: off the boarding 
‘@in getting into trouble by falling into the shaft. This method of ie 
treatment was much less expensive than building masonry structures. 


sides, being fairly oe will net cave in inte: an 


Contract signed 1904 


25th, 1904. 
<<... .. August 1904. 
South Portal... wie July 1ith, 1904. 


¥ 


First roun 


August 1 
ats south . September 8th, 1904. + 


vation entirely completed... .. July 18th, 1905. = 

South ee and Shaft No. 1. .February 19th, 1905. 


North F Portal and Shaft No. 2. April 


headings 


| Progress. .—The maximum progress 
Maximum rate per month for all headings. . 881.5 ft. 


The progress is shown by the profile, ‘Plate XVI. 


headings. 237.0 “ 


& benches .. 256.0 


Maximum rate per week of any one 85.0 
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TUNN EL CONSTRUCTION, 


Lighting. —tThe t tunnel is lighted by electricity, 
‘noe lamps being installed at intervals of approximately 40 ft. = 
throughout. The lamps are arranged is in groups, with six 110- volt 
oe lamps per 8 per group, all lamps of each gr group being i in series between the - 
o- third rail and the > track rail, and are | located | as ‘high ¢ as is possible 7 
one side of the tunnel walls. Every sixth lamp is connected to the 
rail: circuit with a No. 4 Brown and Sharp bare c copper yper wire, which 
cS is securely fastened | to the nearest tie and to the side wall of | the a 
- tunnel i in such a manner as to be entirely cle y clear of moving equipment — ‘a 
‘and safe from disturbance by the track men. men. 
There is one feeder wire, of the same ‘polarity as the third 
—- running g from end t to end of the tunnel, to which each 1 group ¢ of lights = 
is tapped at every sixth lamp. The connection from the last lamp 
of each group is run directly to 0 the track. 
The positive fecder is connected to ‘the third rail ‘through 
single-pole, 500-volt, 25-ampere, break, knife-switch, and one 
25- -ampere, open fuse, mounted on a 50- vampere D. & W. 


all enclosed in water-proof, wooden “box, at the ‘north portal, by 


which control is had of all the lamps" in the tunnel from a ‘single 


500-volt, 3-ampere, porcelain, open-fuse cut-out, of D. & Ww. 
make, is placed i in n each tap between the feeder and the first 


groups, would 1 not dane the out eom- 


track is of 90- Ib. Tb, Am. Soc. E. section, for the 
rail, laid with 1 tie- -plates; and of lb., Am. Soe. section, 
the ‘third | rail, on ‘standard ties and rock ballast st, 1 f ft. deep under th the 
ties, all: rails s being properly bonded for the re return circuit. 

Signals. —The Union Switch and Signal ‘Company’s 


train staff system of block is in | use, for the prevention n of 
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jand between back of The placing of masonry inside 


rubble side wall and 
outside line of excav & timber to be optiona! with Tunnel Company { 


IS plan for timbering is a tentative plan { 
with stone packing | : that.may be varied from by the Company. 

le The contractor shall have the option for 

' work, to vary the arrangment of timbering 
YY by throwing the wall-plate two feet higher. 
In case this option is exercised by the cont- ith ham mer 
ractor the payment line for excavation 

shall remain as herein shown and the pay- 
YY 
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TUNNEL CONSTRUCTION, 
-collisiéns on this piece of single track, and thus ‘tains are passed 


Costs. —The ‘following are the contract prices ‘the tunnel 


a Shaft ‘excavation. . 

A T unnel excavation. 


Backfilling over | timber and behind 
masonry. . 1.50 


verhaul, 100 ft. in excess of 1000 ft. 01 
Class concrete in forms....... 9% 00 


Third- class ‘masonry... 6. 


including t the shafts, was $90 per linear foot. 


Engineers and Contractors. —Westinghouse, and 
‘Company, o of New York, were the engineers for the work, and 


Rinehart and Dennis Company, o of D. were 


The execution of the work was under the 
Mr. P. B. Easterbrooks, ‘Resident Engineer for 


Church, Kerr an and Company, and Mr. J. H. Rinehart, Second 
President and Secretary of The Rinehart and Dennis Company, “a 


credit is due for i its successful prosecution. 
The purchase of the : right of way, and the track laying, 
: “a lighting and signaling were conducted by the operating department 


of the road, under t the supervision 0: of 
President cand General Manager. a 


~4 and a convenient ws water “supply dictated the location of the air- 
compressor plant at the south end, and the compressor ‘location fixed 
f the situation of the camp, boarding houses and napa 


The > company’s plans r required two shafts, and the 


“six points o! of simultaneous attack. 


It was calculated ‘that from 24 to 28 drills would be necessary, — 
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er min. for each all, at 100 Ib. per 
1t 20 p. to each drill. There re was” actually ‘installed one 80-h. 
and three 150-h. h. pe boilers, all being return- -tubular with b brick = 
ast-iron frente and iron total boiler capacity of 
The selection of the compressors was: governed by the plant on a 
“hand, and comprised one Rand straight- 16 b: in., 
600 ft. capacity, two Rand straight-line, 20 by 30-in., 
1000 ft. capacity. At times all these compressors | were run at t about 


more than their normal speed of 1 110 “rev. per and, 


ea 


minute when working at their maximum. | “The three 150- 
boilers provided an ample supply” of steam, the assistance 


of the 80- h. p. boiler, and the results indicate that the preliminar 
_ allowance was high, and that about 15-h. p. boiler capacity in ‘thi 


instance was ‘sufficient to compress 100 of air pert minute to the 


pipe line is be determined, there is always a 


first co cos st, end the alternate. "Without to any 
determination of these features, a a practical balance for this” par- 


AG, - ticular work was to run a main 6-i -in., sleeve- e-connected, wrought- 


ey iron pipe from the compressor, past the first shaft, and up to the 


second. be This _ pipe was reduced to 4 in. between the latter and 2 
ag receiver at the north A “in. | carried ‘the line t to the 


porary connection between the end of each pipe and the drills was) 
ie ~ made by 50 ft. of 2-i -in, rubber hose, distributed to the several drills” 
by 1 -in. rubber hose. The main 6-in. pipe line was laid uncovered 


in the e streets, over and parallel to the tunnel, and was laid during 


hot weather. On account of its position in the street, the Pipe, 
slightly | sinuous in detail, was very nearly ‘straight in its 


of attack was 2-in. pi ipes res esting on the bottom. Tem- 
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Contributing to this economical boiler capacity was the use of 
anthracite coal under forced draft from a steam jet, | 
perfect combustion, and a more than usually 
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bends in the 


unreliable, the pipe laid “without 
any appliance to take u up p the change 
length caused by variation in temperature. 
The line thus laid. gave n ‘no trouble in ‘pass- 
ing through the changes temperature 
from summer to winter, and : from winter to 
= The | method of of tunneling was to 
aoa, ea carry. the bench and top heading together, 
the heading from | 50 to 75 ft. ahead. 


A traveling : framework, of half the tunnel 
te 4 width, and with the top at a lower elevation - 


“= than the top of the bench, was mounted on 


a one to up to the bench at its side, 4 
could be loaded by chutes from the plat-— 
a form, and, at the same time, by ‘shoveling 
bench excavation. The connection n be- 


tween the traveling platform ar and the \ 
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-excav ated portion of the bench was formed 

with 4-in. n. lagging built into a plank 24 in, : 

wide, thus making a wheel-barrow run-way sie he q 
between om the: face of the bench ond the e ia 
able platform . The heading spoil was 
loaded into wheel- barrows, wheeled over the 
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plank ‘and dumped “through the chute on 

traveling frame, the whole operation be- 

loading: of the bench spoil. 
i it be became necessary to to blast, the 
‘planks were simply on the frame and 


the latter moved back on i — a 
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 PUNN EL CONSTRU CT ION. 


te foregoing method seems to be so simae and effectiv 8 : 

be scarcely worth description. Other ways of handling benel and 


heading material : at the same time are advocated; “nevertheless, the 
oe method outlined seems to the writers to be the simplest and cheapest. ae 
J A peculiarity of the bench rock, in part of this tunnel, 1 , modified = 
onsiderably, not only the foregoing but also affected ‘the 
timbering. That pec peculiarity was” “a consequence of combined 
hardness and tenacity of the ‘bench material. To break ti out re- — 
7 eam ‘so much explosive that the rock was blown lengthwise of the 
ay tunnel wit with such force as to wreck any permanent timbering erected = 
within 200 Ina addition, block- holing the spoil | was always 1 neces- 
sary after the first blasting. . ‘The interruption to the work of load- z ee 
ing the heading spoil, caused by moving t the traveling frame out ut of 
danger, was 80 serious as as to render it impracticable to continue e the | a 
nultaneous excavation of the heading and bench. The heading © = 
naterial, while requiring timber for permanent support, could be fr 
oft temporarily unsupported; ‘the support being required, not to 
hold up ‘an overhead mass, but to prevent and support exfoliati Find 
slabbing and weathering of the material. On account of thes 
features, the heading was \ worked for a reasonable distance ahead, i 
oe the force then dropped back and ad split the bench i in two lifts. 
‘The full section of the tunnel ‘ was carried without | timber st sup- 
“port, to the extent of as much : as 300 im. The timbering was then 
erected from the bottom, and its full ull section was completed 
‘Packed from ‘the floor of the tunnel. 
FP. Drilling and Shooting.— —The typical plan of drilling the heading Le 


poe as shown i in Fig. 4 4, » with the eighteen holes fired ii in a the order ¥ 


necessary. “The longest ‘holes were the cut holes “tred first, 


which were | from | 8 to 9 ft. long. " The 2 widening holes were from 
to 8 8 ft. The round was counted to make an advance of 

two 3-in. time to aril ‘holes 

was is generally 7 hr. The total round drilled averaged about 140 
lin. : ft. = The completion « of the loading, wiring, firing by battery in 


“series, ‘Teconnecting for the successive blasts, and | the 
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air allowed to ‘escape this purpose, con 
times, fr from 30 min. to 2 hr., or an average of, say, 50 or 60 r min. a ra 
The delay from shooting was greatest in 1 the portion of the tun- 
nel excavated from the shafts. In this portion the fumes seemed 


to hang and accumulate, not only on the firing side, but also on mm: 


A ‘other side of the ‘shaft, producing delays i in n both places. 
was 40 1 to 50% dynamite, mainly the latter, 2 
the cost per yard, for explosives, caps, wires, etc., for all the 
excavation, was equivalent to the cost of 34 lb. of 40% 
—The type and capacity of the dump cars used i 
tame excavation is a a practical question of of considerable Je importance, 
General conditions require a a 3-ft. gauge. ‘The cars have to be 
handled as single units up to the portals or shafts, and beyond. No 
om “method seems to be economical, except by hauling single cars by 
mules. — The ca car, r, therefore, should be nearly equivalent to the haul- 
ing vale of a mule, and must be open at the end so that in nee 
ing the lift ‘is required to ‘reach its floor—the: dumping will 
i reversal of position. . The car, therefore, must be 
car ¢ of the following dese scription answers well in practice 
A rigid frame, with four 15-in. wheels, 34-i -in, tread, -in. axles; 
inside | bearings, iron rotating spider; bed about 5 ft. 6 in. at back, 
—«*B PEK. 8 in. at front, 6 ft. long, with 1 18- in. sides, all inside measure- d 
a car ar transports about 1 cu. . yd, ‘solid, and | 


4 empty, about 2.000 lb. Th he car is fitted with are movable tail board, _ 


V 


20-Ib. rail, with abundant cross-ties, can be used ; but a a 30- | 
the more economical, in the end. Rails, i in order to be 
4g handled down the ‘shaft, should be i in lengths of not mane than 20 ft. 4 
am The detail of moving z ahead, in order to § get the car up t to the bench 
face, is arranged by placing, ‘inside of the the fixed rail, loose rails laid 
on their sides, with their heads against the web ‘the: fixed rail. 
The car wheel flanges roll on the web of the loose rails, and the 
on latter are slipped ahead at intervals” until the excavation permits: 
“4 another length of fixed rail to be laid. 
Timbering. — —It will noticed, Plate XVIII, that there 1 were 


4 plans for two methods of timbering. One, the contract plan, was fo 


‘solid with | provision for arching a against i ite in- 
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PLAN SHOWING TYPICAL LOCATION OF BLASTING HO 


48 HOLES TO THE ROUND 


yg, 
ie y ow PRACTICE 2 TO 6 ADDITIONAL HOLES WERE OFTEN NECESSARY‘ 


DRAWING LAIO OFF ON RULING IN - 
IN ONE-FOOT SQUARES 
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‘TUNNE EL CONSTRUCTION. 


the masonry ry section and intended to be removed at some future time 
replaced by concrete. Timber arching of 10 or 12-in. square 
: 


blocks, with 3 or 4-i -in. lagging s spanning the sp ‘space between each 
of rims, is the standard of long ex] experience. br economy and 


— want t of a name, in which the lagging and arch 
a blocks « are, so to 0 speak, the same, is ideal i in some respects. ‘Tt use uses» a ay 


saves in single- -track tunnel, roughly, 1 eu. yd. of ‘excavation 


foot, and, , where the tunnel is to be lined with concrete, furnishes 

saving either an excessive use of concrete to fill the : space between 

the m masonry arch and the timber, or or avoiding the formation of an 
“4 extrados for the conerete where the arch is held to a regular thick- 


a back form for the concrete, closely concentric to the ‘soffit, 


also avoids th the expense, uncertainty and delay 


of packing about 1 cu. eu. yd. per lin. ft. between the concrete and ae. a 


Pre-s supposing a short length of tunnel provided with this timber ; 
poy in place, it would seem to be an easy matter to add to it, with the gs 


result of fitting the successive ) segments to ‘perfect line and stable 
“34 position. . Trouble ec comes from the variation in the ‘thickness and 


‘Squareness of commercial timber and from the d difficulty « of getting as ig 


_ true radial joint. . The e effect of any inexactness of framing is to 
carry: ry the bearing on on part of the timber and leave other pieces loose. 


i iw In all timbering | the integrity of its form and stability in position aes 
Bi, 
when it is packed depends upon ‘the p perfect wedging be between the 


voussoir blocks and the perimeter - of the excavation, assuming that 2 
the wall- plate is immovable in its position. When the arch block 


and lagged ‘timber are used, the blocks require to be wedged, or : 
"propped, to the roof only for every 4 or 5 ft. of the length of the 


Vi 


Ee tunnel, then the lagging simply has t to be laid on, & and ¢ the packing ; 
wt space is free to be filled behind and around the | props. . The opera- 
an tions are few enough to permit the propping to be done pee oa a 
“segment lagging,” a much greater number of 
‘require to be — of the | 8 8 by ‘S8-in. -in. a 
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and one- half times as ‘numerous per ‘foot of tunnel. This 
wastes timber in Prope and wedging. The supports form an almost 
~ continuous line, converting t the packing space into a number of | 


separate | pockets, lengthwise o: of the tunnel, in which thorough pack- 
is difficult. On the other hand, in any form of timbering, the 


"packing will settle away from the excavation, due to to shrinkage of ft ine 
the timber, 0 or shrinkage and a of the packing 


of the  wall- plate itself. With the areh- block timbering, 


there being a and lid above the ‘timbering, of the 


ettlement is confined to the se arate lon itudinal spaces 4 


the lines of props, and does not become ‘camulative; therefore, there 


less tendency toward deformation. 


is saved i is the “cost of loading and disposing of the ‘spoil, ‘and of a 


‘saved i is not caved at t the ‘full price hee tunnel excavation. All that 


very small portion of explosive. . The cost of all drilling, power and 


"plant, and the and profit, would remain the same 


the company had. desired to put in or or permanent 


if had had the option putting in the “segment 
“ 
form | or the a arch- block form of timbering, and could have. paid the — 


same unit prices for excavation, , timber and packing in either case; " 
- there would have resulted a very material saving in cost Per foot of 

tunnel by the use of ‘ “segment lagging,” and, in the writers’ ‘opinion, is 


a a very much ‘stronger t timber arch would have been obtained during 


and dimensions, the writers would ‘this s: saving, for an. 
“masonry clearance, at about $2 per ft., if the same unit prices held. | 
For the re reasons before stated, ‘the contractor's unit prices, if he a 


had the chance to consider: ‘the two in making proposals, 
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‘segment lagging. ” ‘The experience of the is tha that 4 


these higher unit prices would more than overcome the apparent 
os saving. In other words, if offered t the construction of a 2 single- 


_ track | tunnel at a given price per linear foot of tunnel, - with either 4 


= A form of timbering at the | contractor’ . option, the writers would pre- 
an d fer to the arch-block form, although ‘it is believed the 


would lead ‘to preference “the peers blo form 1 as yee more 


rapid and safe with rougher we workmanship. 
ek... The foregoing comparison applies only to the method of timber- _ 
for average | shale or rock tunnel, without consideration of its 
daptability t lining to be built afterward. = 
a laptability o masonry lining to be built afterward. 
sift If the “segment lagging” timber is to be lined afterward with a ; 


concrete te arch, the 1 practical advantages of. this: form of. timbering, 


a in reference to future | concrete, are very great. i The advar antages | are 
7 mainly in reference to packing with solid concrete the whole space > 
between ‘soffit of. the concrete ‘the perimeter 
of the timbering with the minimum quantity material, and, 


" 
" 


the same time, holding ve very ‘closely to some pre-¢ “determined thickness 
of arch, if the arch- block timber be | in . place, and the s same thick- 
of arch concrete required, there is the 12-in. space between 
the lagging and the -extrados of. the concrete to be ‘filled i in in addition. Eq 
= filled with concrete, there is required an extra quantity of from _ 


leu. yd. ‘per. ft.; if w with packing, the same quantity, 


By the ‘ “gegment- -lagging” “method, there is the original 

_ dry packing above the timber, and everything below the timber is 

—_/: making | a a better job with a saving of the intermediate packing. 


_ Lighting during the Tunnel Excavation. —The writers have  gen- 


2 


with a support built up of eonerete, packing, timber and 


ne! 
rally used gasoline (1- gal. tanks with open burners) f for lighting a 


tunnel work on the ground. Its portability, the opportunity of 


is “the of the is 


— a 
Practical erection difficulties in “segment lagging, . 
Practical ere 

| 
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— Gasoline, of course 
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“TUNNEL CONSTRUCTION. 


considerable expense, and o occasional accidents: bound | to ‘oceur. 


The heat, t, also, i is very objectionable. 


accounts show that the cost of lighting, night and day, 
“fide and outside of ‘the tunnel, was more than an $6 000, or, 


double-chi shift v work, or, inv another form, about $1.25 25 per ft. 


-_ va The contractors returned to the use of gasoline a after a a previous: 


aan _ experience with a tunnel of similar length | but smaller section, driven 


with the use of the electric light. As the tunnels were of 
A - different sections, and varied almost totally i in material and method, — 
a the comparison is not at all fair, but electric light on that work cost 
about 11 cents 8 per cu. 3 yd. With the ‘electric light there ‘is a per- 
petual nuisance replacing wires and broken globes, and it is” is 
7 __ troublesome to concentrate the lighting where it is ‘needed most— 


“right up. in the heading» at the front. 


is believi ed that, on an average, there will be found no material 
eost advantage in one method over the other, and the ‘advisability 
oes _ of the method to be adopted will have to be settled by its facility in a 
a use. The writers have | thought, heretofore, that the verdict was in pat 
of gasoline, but now believe that the electric difficulties 


be overcome in part, ‘so th > that, at least ‘for long t tunnels, _ it will be the 
better method. 
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DISCUSSION ON ‘TUNNEL CONSTRUCTION. 


Lavis, Assoc. M Au. Soc. C. seems be the 
eral impression that tunnels are seldom completed within the con-. 
_-—s tract time; this paper, therefore, is interesting, in that it cites 
an exception, and also gives many practical and wilanhte details © 
of the and methods of work. incentive of the bonus 


ne os: In view of the general difficulty of enforcing penalties ye pc 
4 non- completion of contracts within a specified time 
— damage can be proved—the s speaker would like to ask Mr. Fr 
<2 if he thinks the penalty clause, of a bonus’ and penalty provision, ¥ 
4 could be enforced in the courts, if such action Were necessary, a 
_ without reference to any actual damage sustained. It is not stated q 
in the paper, but it would appear, from the amount of the bonus, 
7 = that an allowance was made covering the delay due to the final — 
s settlement of right- -of-w ay matters, and the contract time did not 
start until after these had been adjusted, some 20 days after the 
18 va contract had been signed. _ As this is a matter of considerable 
interest, it would be well to have it made quite 
— In regard to the progress, it would seem at first thought that 
are — a record had been made in building a tunnel nearly | a mile long a 
in less than a year, and, in comparison with the majority of 
tunnels built in the United States, it is a record. Tunnels have 
Sod been built in the United States, however, at a greater average 
rate of speed, and, , of course, the long Alpine | tunnels completely 
overshadow anything done elsewhere. For this reason it would 
be particularly interesting to know why this is so, particularly as 
the paper’ presents the case - from both the engineer’s and con- | 
It is very easy to determine, theoretically, how many feet can | 
a drilled by each drill per shift, how many drills can be worked — 
at once in each heading and bench, and therefore what the prog- 
Ss ress ought to be. There | should be no trouble in handling the muck, 
any quantity, with steam shovels or other ‘modern mechani- 
eal appliances, and this gives a record (on paper), far ahead 
4 of anything actually accomplished, at least in the United States. 
“4 In Europe, apparently, theory is borne out in practice; in America, 5; 
“apparently, it is not—or, at least, far, has not been—and- ‘it. 


why this is so. It is hoped ‘that Mr. ‘thle throw 


some light onthe subject. q 


In ay sgponnd the _ Progress in any two or more tunnels, dif- 
i naterial penetrated must 
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be considered. yeni: may be made to comparing. the record Mr. La 
tunnels: lor 2 miles long with the long Alpine tunnels ; inasmuch - 
in the latter, the large amount of work ‘be done justifies 
most elaborate preparations and plant, but the difficulties and a 
~— Tength of transport to and from the working faces as well as_ 
the other enormous difficulties of bad ground, large quantities of 
almost boiling water, and high temperature throughout, more than 
«justify the « comparison on practically an even basis. ‘The possibility, 


or otherwise, of sinking shafts, and thus obtaining several points — eA, a 


of attack, must also be considered; the only fair basis of com-— 
parison, therefore, is the amount of siasialimeued reduced to terms ns 
In the Scranton Tunnel, on basis, the actual working 
time on the tunnel proper, after the approaches had been | com- 
pleted, was about 11 months, w which means an average progress, 
from each of the six working faces, of about 70 ft. per month.. 
Comparing only the time worked on the ll 
sum of the months worked in each heading—the | average prog- 
ress of the headings was about 103 ft. per month. The average 7 
progress on each way, about 86 
Ie the of this tunnel no difficulties seem 
have been encountered 1 which would preclude its” comparison 
with the following tunnels" built in America; the and 
shale of the coal regions is not usually hard to drill, 
i fact that 18 holes in the heading could be drilled by two ‘ils 
in 7 hr. seems to show that it was particularly ¢ easy. If ‘rapi e 
“progress was an object, especially when it was considered neces- oy 
sary to work the heading and the bench separately, there seems - 
a... be no reason for not using at least four drills in the heading, a 
two on each: column, | as two columns had to set up in any 
event, or a single column shifted from one side to” the other. — 
a No novetel delay should have been caused by the timbering, as 
apparently there was no heavy ground, and the timbering could 


erected at the contractor’s convenience (within reasonable limits). 


Cc omparing the progress on the Scranton. Tunnel, therefore, 
the progress made on other American tunnels, it is found 
_ that the average for the headings in the Hoosac Tunnel, was 133 ft. 
per month in the east heading, for the four years, 1869 to 1872; _ 

ft. per month for the west heading, for the four years, 1870 


1873; and, from the centre al month for the 


accessible region. It is 9.950 ft. ‘ong, ‘with section n of 
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> whole length was timbered, and considerable trouble was caused 
the swelling of the shale because of exposure to the air. 
is believed to be e one of the best records made in America. @\agie 

~ The Cascade Tunnel was built in 1897-1900. «At is 13813 
4 ams and is a single- track railroad tunnel. It was through medium 

hard granite, very and wet, necessitating timbering through- 


an rate 182 ft. | per from each working face. 
The Croton Aqueduct Tunnel, built between 1885 and 1890, 
for the water supply of New York City, had a cross- -sectional area 
of about 103 cu. yd. per lin. ft. The average progress, for a 
os of 23 weeks, was 30 ft. per week, or about 130 ft. per 


There several recorded examples of progress of about 100- 
110 ft. per month in single-track railroad tunnels, but the gen- 
eral average is much lower, fully justifying Mr. Francis’ clai 4 
ee a for a record on the Scranton Tunnel; in fact, with few exceptions, _ 


the progress on the Hoosac Tunnel during the last few years of  . 
its construction has not been greatly improved upon during the a Be 


thlety- five years which have elapsed since that time. 


Turning now to European practice, comparing the four 
long Alpine tunnels, ; a marked improvement is to be noted in each - 
successive tunnel, culminating in the record for the Simplon of _ 

an average of practically a mile a year from each heading. eae 
Mont Conte Tunnel, built and 1870, th the 


in the Arlberg, built 1880 and "1884, 

int 350 ft. per month; and in the Simplon, commenced in 1898 _ 

and only recently finished, the speed was 440 ft. per month. All - 

= these are average rates from one working face for the whole length — 

_ of the tunnel, rates as high as 700 ft. in a single month in sasse * 

In a comparatively short double-track tunnel at egue-unaped Mex- 

co, built in 1903, by native labor and with only very 

* small plant, 735 ft. were excavated in 92 days, or an average of 

§ ft. per day. This time included holidays and time lost between 

Saturday Monday noon of each week, when the men 

~ would not work. el this tunnel 81% was driven from one end, "4 

so that the: record is rather remarkable, being equal to about 200 


ft. per month from: Working face for a double-track section. 
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ON TUNNEL oc STRUCTION. 
‘The poerey high rate of speed in the Alpine tunnels has Mr. Lav 
obtained where the Brandt type of rotary hydraulic drill, 
- mounted on a carriage, has been used. Although these drills cer- FS. 
tainly show a high rate of efficiency, and have great capacity for 
rapid work, the speaker hardly believes that this explains: the 
whole difference. He is rather inclined to think that the diffi- 
. culty is principally with the labor question, and, to a certain ex- ar 
tent, the indifference of the American contractor, as a rule, to the 
mallee refinements in keeping his plant and equipment up to ae ek 
high state of efficiency, caring for the comfort of his men, and 
establishing an esprit de corps among them and a personal in- > s a 
terest in the success of the work. _ On this point the speaker hopes 
Mr. Dennis will give some > ‘further information, from the stand- bak 
_ The variation in the p progress from month to ‘month is one of 
the interesting features brought out by almost any progress profile — 
of tunnel work, and the present case is no exception. Part of face 
this can probably be accounted for by delays incident to timber- 
ing and the change between sections which required no support 
and those where a lining was necessary, but, in the section between — 
the two shafts—which is apparently all more or less the same—. ; 
eliminating the first two months after the shafts were completed, — 
so that a fair start could be made and the short section of masonry 
dining: completed, it will be seen that in the headings the rate of | 
progress varied from 82 to 156 ft. per month, and in the benches a 
from 78 to 149 ft. The query naturally arises, if 150 ft. can be a 
done i: in one month not i in month ¢ This, can 


where conditions are the same, does not ‘seem 
b b attainable. The variation seems to be most often due 


oa tion. During some months apparently everything goes all right, 
i. full force of men is obtained and kept at work, the plant works 
: smoothly, and a record is made. During the next month, — ? 
may be days when the air supply is bad, the cages or hoisting ap- = 


causes other than the natural difficulties encountered in a 


‘paratus” get out of order, supplies not arrive when expected, 


drillers are : searce, and things happen 

yond the control of the contractor, | or anyone else, but they all 

tend to keep the amount of work ¢ done more or less below | the ; 


tt has seemed to the order to a high 
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_ accounts in current engineering literature; but it would seem that — 
better control of the labor and discipline of the men was _ possible | 

in also, is probably the for the excellent 


force not only varies in numbers, but from 
ey _-day to day, and it is safe to predict that after each pay day there 
is apt to” be an entirely new new set | of men in each heading, or none 4 , 
noted previously, the is jnelined to think that some 
_of the lack of success in attaining as high records in American — 
European tunnels is, to a certain extent, due to the fact 
that American contractors, as a a rule, consider it a useless 
_finement to attain any great amount of perfection in equipment 
__-or to keep it in a high state of efficiency, nor do they take much 
ba eare for the comfort of the men, in the way of providing proper = 
drying rooms, lockers, and accommodations for « changing their eloth- 
ing w hen entering and leavi ing the tunnel; or in providing adequate a 
‘bien, not only to secure quick access to the work after blast- _ 
‘ing, but that the men may work at their highest efficiency, which 
they can hardly be expected to do in an atmosphere filled with 
dynamite fumes. The speaker has had occasion, recently, to com- 
ba pare organizations based on very different ideas in this regard, and — 
_is inelined to think that a certain amount of care for the health © 
and comfort of the men, adequate ventilation of the work, and an 
equipment kept in first- class order pays: for itself, in increased 
output and esprit de corps. If speed is the) prime requisite, the 
extra expense necessary to get and keep a picked body of men is, | 
of course, of no consideration; but, even from the ordinary stand-— 
“point, the decreased length of time during which ~ general ex- 


be met, to a large “extent the money ‘burry- 
the work to completion, to say nothing added 


__.¢lear the tunnel after blasting, especially at the shaft, where blast-— 

ing in one heading not only caused delay there, but also in the op- 

F osite heading. No considerable use seems to have re been m made yet of 


oe ss Mr, Lavis. all the operations that anything like the record of the Simplon > a Pe 
ad = __ Tunnel can be obtained. It is needless here to point out the dif- = § 
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SION ON TUNNEL CONSTRUC TION. B¢ 
the combination of compressed air anton water jets for laying the dust Mr. Lavis. = ja 
‘and fumes of _ blasting, which it is reported has been used nell ay 
considerable success in England and in the Simplon Tunnel. be js am 
In the matter of handling the remaining section of the Se 
- after the heading has been driven, the European method, in hard- — 
rock tunnels, | of driving a bottom > center heading, 1 then driving a 
top heading in both directions from an. upraise, and thus “ae 
points of attack, while apparently more _ expensive, seems 
ae achieve good results; but the speaker believes that by the use ‘Se 
a steam | shovels, or rather air shovels, the American system of 
diving: a top center heading and then widening out and running oe 
“= sub-bench and bench, can be worked up to a high rate of speed, Se 
_ provided a permanent force of good men, with efficient foremen, Ho 
am be kept constantly at work to provide the muck. To achieve the 
num results, the power plant 1 must be designed to give — — 
power, with a g good reserve in case se of the break-down of any unit, 
ears, locomotives and tracks kept in a high state of efficiency, and = - 
an ample supply of drills and drill steel kept on hand, so that © 
there will never be any delay from inefliciont machines or eee 
The is in favor of. electric lights for use 


me ‘electric lights were afterward installed, that, owing. 
to the better illumination, to say nothing of the freedom from smoke, | 


smell and bad air, a much greater efficiency is obtained from the 


Tabor orers. _ They are able to see what they are doing, the feoeaem, 


also, can s see what the “men are doing, and there is no necessity 
_® grope around in the dark for. tools, ete. There is no difficulty — 
Bape eh: in concentrating the light, at least in getting plenty where _ 
is wanted, and the loss in broken’ globes, wires, does not 


| 
| 4 


aD 


_ it would be interesting to know if any were 
in regard to the loss of pressure between the compoeenens and the 
various points of supply on the long air line used. The =. 

3 does not mention the suse of 1 re- heaters on this long line, and the a 

Speaker 1 would like to ask whether or not there was any difficulty ee 

account of this omission, especially during cold weather. 

the contractors consider the supposed increased efficiency due to 


their use insufficient to warrant the expense of installation and = 


In regard to the difficulty o of working tis: heading and bench ~ ; 
the same time, the necessity | of using» the scaffold car might 


— 
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— 
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i h dinary banjo 
Recently, to observe the working of the bene re 
| 
| 
by — 
— 


= 


8. tagether. ‘By blasting all eight cu oles together r, instead of 
leaving the two top holes until the second round (as shown by | 
Fig. 4), practically all the cut can be blown over the bench, as “ie e 
is nearly all the material from the first round of side holes. After 4 . 
the second side round is fired a small quantity | of muck is left 
in the heading, and this can so soon be thrown over the bench by ey 
few men, and drilling can be started again almost immediately. — vs 
This method is being worked satisfactorily in sandstone, but “a 


speaker has some doubts as to its efficiency in tougher rock. 
The ‘description of the relative values of the two types of 
itesabiealente:' is certainly most instructive, and presents. the matter in 
what is believed to be altogether a new light, at any rate an un-— 
familiar one. Of course, had the ground been heavy, thus pre- 
venting the removal of the timber before putting in the masonry a 
the method with the timber occupying the position 
aa ward to be filled me the masonry lining would not have been feasible, om 


ing their work, and the authors of the paper cechahihe deserve the oe 


of the and especially of those interested in tunnel 


Mr. H. Hewes, M. Soc. 0. —In 1881 “the speaker had 


site water. was sunk 300 ft., with two cross-cuts at 
800-ft. level, one of 300 ft. and the other of ft. Air drills were 
Whenever shots were fired it was necessary for the men to — a 
in «the hoisting works at least half an hour before they were able to é . 
- enter the shaft again, the delay being caused by the powder smoke. — 
f A 6- in. square box, planed o1 on the inside, was put in and extended — 
_ from the roof of the hoisting works to the bottom of the shaft 
_ timbering, where the last section was made telescopic. — A PY in. pipe 
a was attached to the air receiver and carried into the box about —__ 
6 ft. abo ve the floor of the hoisting works, it was | then turned up aa a 
- for about 4 ft. and drawn down to a 3-in. nozzle, an air pressure of - : 
80 lb. being used. In sinking the shaft the timbering was kept from - a ‘a 
a4 three to four sets (18 to 24 ft.) above the bottom to prevent it from 
being broken or displaced. he lower sets of wall- I-plates w were held 
in place by suspension rods and wedges between the lagging and the “J 
_ rock at the sides. To prevent the rock from being thrown up on 


whi h it might fall upon the at 
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The engineers in charge of thé t must be congratulated 
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TUN NEL CON: 


wall pou above. _ Two of pieces of Tagging at of 


ithe tebering. ‘miners called the “device cea “smoke 


waited at the surface. 7 After waiting some 5 or 6 minutes, and — 
. not receiving any signal, they went down the south compartment — 


and discovered the man at work taking up the remaining lagging. 
when holes were fired, the men went down immedi-— 
the was extended into the cross- whens 
worked perfectly, making a comparatively inexpensive 
removing the smoke and avoiding any loss of time. 4 
W. F. Deynis, M. Aw. Soc. C. E. (by letter).—The questions Mr. 
as to progress" involve so very many factors that it is almost im- 
- possible to generalize. In the present instance, it ‘would have been 
very easy to assume that the progress would be measured by the a : 
heading progress. If 40 ft. per week were allowed as a reasonable ~ 
advance, and there were six attacks, multiplication would warrant — 
the expectation of 240 ft. per week; or that the whole tunnel would © 
_ be done in 20 weeks, barring the organization time, in getting to 
work, and the terminal time for finishing up the scraps. —™” 
detailed examination | of ‘profile would show, first, that the 


Prepar 
to this work, the shafts have to be sunk. peso the headines must oe 
™ driven a reasonable distance on each side, then the shaft must 
be ‘sunk to the bottom and _ the bench extended, and all this must pO 
be done with a small force ¢ and. careful shooting. For a long time 
2 the firing operations of one side prevent or interfere with those of | 


_ From the progress gro it will he seen that in m bem shafts 


the progress of tunnel is always faster in 
the heading than the bench; so that the time problem, on Jan- 
uary Ist, was to excavate 1600 ft. of bench and a proportionate 

ris amount of heading, handle the material from the dpnaine at the 


work, a system of 6 by 10-in. lagging was placed across the wall- 
plates on the lower set of timbers, with a plank across the end of the 
— . a 
— | 
— 
a 
— | 
— . 
1t 
= 
4 
the portals. This might have been limited by the hoisting and 


NEL CONSTRUCTION, 


was very nearly up to the full limit. 
; Referring to the former assumption of: 40 ft. of heading per 
week, the calculation would be 80 ft. per week the two, or 
_ roughly, the required time would be 20 weeks. Now, the rate of the 
= ai heading progress was much in excess of this—40, 50 and as many 
as 60 ft. per week—but, on account 0 of. the slower progress on the 
benches, and for various other reasons, this progress was not main a 
tained continuously, the heading work being at times entirely dis- _ 
continued. - The final clearing up of the bench was on July 18th, 
3 a so that the theoretical time of 20 weeks became actually 28 weeks, 
A further inspection of the progress profile: will show that the 
progress: was much less at Shaft No. 2 than at Shaft No. 1, the - 
relative extensions being as 3 to 2. The forces and the equipment _ 
ie a “were the same in each, but the Progress as aw hole from one yall 


in the paper a 
bench. Nearly all this material was adjacent. to Shaft No. 2, 
fia _ which accounts for the relatively slow progress there. = oe 
on As all other progress was subordinated to the shaft work, which | 
fixed the e real limit of time, another and fairer w way of placing the 
time matter would be to say that the real time at issue was the 
building of 1600 ft. of tunnel in about 28 weeks from two end 
_ shafts after they were down. Therefore, the full tunnel progress — 
at section was at of to 130 ft. per month, th. 


Another way of stating the time progress would be to say that | 
real time work was equivalent to building a 1600-ft. tunnel 
a with approaches. in about weeks from the time order was 
given to go ahead; that time including the | construction of the . 
camp, the installation of machinery, excavation of the approaches, | 


and the completion of such a 


here i is no > record the drop i in air at the end of the 


as to throw all of the muck on the floor, is imprac- 
tical, in the writer’s opinion. With the customary height of head- 

_ ing and tunnels, the bench has to be shot i in two lifts, making, with *y 
= heading, three tiers of shots; or, to avoid this, the he: ading has» 

o be carried at an uneconomical height, if cade one lift be taken 
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re-heaters were used. ‘The writer has used them in the past, and 
theoretical advantages claimed seem to be entirely warranted, 

yet he has never seen anybody in practical work persist in their 
— 
— 
— 
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— 


ing as low as possible, for a variety of practical: reasons » and this this ee 

leaves: the bench too high to be drilled in one round. 

bey The use of steam shovels in single-track tunnels is not econom- 


ically in any class of in certain 


en the The writer’ experience bien to hold the Mr. Dennis. 


rotary derrick is cheaper and does the work better. 
oe The writer is familiar with the remarkable progress ‘of the 
(Alpine tunnels, but has not informed himself as to the cost, ad we 
Every tunnel develops some ‘special experience. a class, the 
men are as‘ resourceful, and the machinery men are as inventive 
and ingenious, as in other lines of effort. Thousands of tunnels 
have been built, and the American practice | of top-heading ahead, — = 
with the bench in one or two lifts, has by | evolution become so gen- 
 .eral that the probabilities are that it is economically the best for — 
all fairly firm material. Such observation and experience as the 7 
writer has had convince him that this is so—certainly for America - 
mand that the improvement in ‘na is in a constant study to im- 
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The extensive use of reinforced concrete during the past few 


 —_ has resulted in the evolution of many formulas for the design 
of the various members of of a structure, but n more especially those 
subjected to transverse stress. Many of these formulas are purely 4 


_ empirical, while others are based on a more or less rational theory. 
The latter, almost, without exception, are closely assimilated to 7 


i applicable to beams of continuous and homogeneous’ structure. 
- ‘The empirical formulas are generally based on one or more man a 
- festly i incorrect assumptions, but are re quite simple i in form and appli- ; 


aa cation, and they contain constants which, in large measure, correct 


ra i inaccuracy acy due t to the fundamental assumptions. Cases are not 
a lacking, however, in which 1 such : formulas, i in the hands’ of any but 
experienced designers, might: lead to dangerous results. The more 
—_ formulas are usually somewhat complicated in form; while 
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this is more apparent real, these are 
more or less forbidding at first sight, and they give to the uniniti- ty 
ated an impression of not at all justified by the > 
nature e of the m materials and the form in which they are combined. We. x 
It seems to. the writer that formulas combining the ‘simplicity of 
7 - the | purely ‘empirical ones—such as those used by the engineers of i 
the _Hennebique e systems—with all the accuracy attainable by the 
cational ones, are seach. To ‘present euch for- 
mulas, with methods of applying them to designs of minimum cost, 


a 


and to emphasize the value of certain little cused features of design, 
‘i from a a fire- -resisting, and therefore : really economical point of view, 
are the main objects of this paper. Most of the opinions, “sugges 
tions, and conclusions which follow, were more or leas “clearly ex- 


“pressed in the paper submitted by the writer to the International 


Engineering Congress, at St. Louis, and in his part in the subse- 


quent discussions “Concrete | and Concrete-Steel.”* Subsequent 

study and experience having strengthened the writer's opinions 

along certain lines there indicated, they are here presented i in 1 fuller 


in n the hope that they may bring forth a discussion which will will 


fully justify it; but in the design of a a plate the 
da ack of homogeneity, due to assembling with rivets, has led toa 

much ‘simpler procedure—it is. is a | question of simple sh shear j in n the 


at t all. would seem n that equally simple methods could 
a to the ‘design and analysis: of reinforced concrete beams, girders, 


and floor slabs, without sacrificing any attainable accuracy; not only — 
would this make a given computation more ‘simple, but it would 


A lead to certain principles of economical design, which would — 


jardless of iderations, 
dless of such considerations, = 


7 
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4 he des i of rolled stee ea 3 
in the design 
we wou, he deflection is of impor 
5 
desirable for the sa 
dimensions r hich the resisting — 
concrete beam is expressed the integrated 
moment of a reinforced c 


passing 1g through the steel In some of these the lever 
arm was assumed a: as a constant percentage of tl the depth o! of the 
a below the upper ‘surface of the beam; in others it was a variable, — 
depending upon the elastic properties of 1 the “materials, and their 
respective working stresses. Other engineers have for- 
 mulas in which the resisting moment of the beam i is e as the | " 
- moment of of the total stress in the steel about an axis ‘passing pre 


the ee centroid of the stresses in 1 the. concrete, or a point eopnosionst 


of str 


which case center of moments. does in general, 
~The writer proposes a formula of ‘the mentioned type, in zi 


vhich the lever arm is a constant of the so that, 
the total sec sectional area of F steel, 


wees 


= the depth of the center of of the the 


upper surfac e, 


any of this type, A must be be expressed as some frac- 


tion of the area conerete, or some other means must be adopted 


to avoid an of ‘steel. It is one of the merits 
the more complicated theoretical formulas that they contain a 


i a unit stresses in both the concrete and the steel, and thus automatic- I 

-Tegulate the percentage of steel. But these unit stresses 


deduced mainly from experiments on small and isolated specimens . a 
of the two materials. Physical properties deduced from the results 
a of such tests can undoubtedly be used as a guide to safe desi 
8 but the writer believes ‘ that more accurate, and therefore safer and 
‘more e economical, results could be secured by numerous” tests on Y 


made up with varying qualities. of concrete e and varying per- 


— 
— 
ise the centroid is accurately located for some assumed 
ss-strain curve; in others, it is assumed as a constant ig by 
— 
ae j ssin the steel (assumed to be uniform overthe 
M-=the resisting moment of the beam, 
— 
4 
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CONCRETE FIAOR SYS STEMS. 


in of the maximum allowable values of A, 

terms of the area of concrete, for various grades of concrete and 

‘steel. ‘From t the results of such experiments, a table of values ec could 
‘be formed, which, used in connection with Equation 0, would > 


greatly simplify the work of design, without the sacrifice. 


F degree of accuracy attainable by the use of the more complicated — 


the absence of ‘such experiments, however, good working 


values for h, and for ‘the a allowable percentage of steel, can be de- aan 
duced from the mo more complicated — Some discussion of 


extends | to ‘to the method by which they are "deduced, this deduction 
with some ‘modifications, is repeated herein from the writer’s paper 7 
presented before the | International Engineering | Congress of 1904 
point of first importanee, in this connection; is the form of 
the stress- strain cu eurve of concrete, in | compression. ' This has been - 
assumed to be a right line, a parabola, or an empirical curve. So — 
tests of concrete i in compression are available that the writer 


_ prefer to assume an empirical curve, determined from the average 


results of ‘many tests. Among recorded tests, probably none are 


more accurate than those reported in “Tests. of Metals, ete.,” at the 


Watertown Arsenal, for various years. The writer has spent a eod 


: deal of time in studying these tests, beginning with those in the 5 


7 


: report of 1898. Several “conclusions seem to be "warranted, as 


—The mo of elasticity « of concrete—or at least its resist- 
ance to deformation—increases somewhat with the ultimate strength. 


2. —The modulus of elasticity—or the resistance to deformation 


—inereases quite rapidly with t the richness « of the mixture. 
3.—The stress-strain curve ve for very. ‘rich mixtures, “especially 


rich mortars, does not differ much from a right line; bat: for leaner ro 
2 ‘mixtures, including all those ec ‘commonly used i in practice, it ‘differs ~ 


very materially from a right line. 


—In combining the results of many tests, in 


e average or true form of the : stress-strain curve, it is necessary a 
to ‘combine tests in heute the ultim: nate strength is about the s same. i" 
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§ ___ tion with the tests of 1898 and 1899, in which the gauged length o — 


| 


I 


greater ganged 3 length was used, up to in, in 
reports, including that of 1904, ‘only confirm the conclusions de- 
duced from the earlier te tests, when the > richness | of the mixture, the the 
ultimate strength, ete. are re all ¢ veonsidered. ip 
< In deducing ‘the constants which will hereafter be used in this 
‘paper, Seventy-ser seven apparently normal tests reports of 
4 1898 and 1899 were » selected. Failure occurred in all these at 4 
7 - 2500 to 3500 Ib. p per sq. .in, The tests were first | grouped accordin 
i to ‘ultimate st strength, and these groups were sub-divided accordin 
to the age ‘and the 


ecord—i. ie the total deformation 


the set—was as 
observed quantity in n each case. The means of the 


- v _ observed quantities were taken for each group; with these as one set 


of ordinates, and the applied loads, ir ‘in pounds per ‘square inch, 


a the > other set, a curve wa 


increasing ig loads. area enclosed by the curves the axes sof 
co- -ordinates was -one- -fifth to one- “fourth ‘greater than that i in- 


cluded between ‘the same axes and a right line passing ‘through 


i WwW ith a stress- strain curve of this sort, it seems better and “more 


4 scourate, in deducing formulas for the design of reinforced concrete q 


definite percentage of the ‘ultimate 


1in 


i of the conerete a maximum stress to be reached when 


the streas in the steel is at some critical point such as the 1e elastic: me, 


toon limit. In designing, it is only | hecessary to multiply the working — 
load by the desired factor of safety, based on the elastic limit 


; ye ‘and then determine the section so that, ‘under the multi- 
a? plied load, the assumed ‘maximum str stresses shall not be exceeded. 


ondary importance, as long” as the factor of. safety is assured. be 
Signing working st stresses is accurate only where the modulus of 


is is constant—under such cireumstances, the resu result 


ere thus obtained; the elastic compr 4 ‘ 
les 


- The actual working stress in the concrete te would seem to be be of sec- sec 


= 


wh 


= 
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ha been not assume the elastic ‘limit of the 


steel and ‘the e ultimate strength of the concrete as the ape 3 
ing maximum stresses. This practically assumes that failure by —— 


_ rupture or ¢ collapse will result when the stress in the steel reaches 


the elastic limit, no ‘matter what the stress in the concrete may ~~ 
a No doubt this ‘assiinption is quite correct for : most ‘methods: of 1 rein= 
forcement. = It _ probably leaves ‘some margin of safety in the con- 


crete, for it seems probable thet, us under the conditions existing > 


practice, the compressive modulus" of rupture « of the: reinforced 
rete is somewhat greater than the ultimate strength of — 


reinforcement. so that ‘total failure need ly occur whee ‘the 
in 1 the steel reaches the elastic limit; sof course, permanent deforma- b 
tion, necessitating ultimate renewal, undoubtedly occur, just 
in the case of a rolled beam in which the stress exceeds the 


elastic. ‘limit; ‘but there is apparent: reason why total collagen 


should f follow, i in either case, if the concrete is completely reinforced. > 
For this reason, it seems better to take a conservative figure—say 


: 80% of the ultimate strength—as the maximum tress in the co 
tions which follow are based on n'this assumption. 


After plotting the tw welve curves referred to, 
4 


the area enclosed by the axes of ordinates and that part of each 


curve included between the initial point the point correspond= 
ing to 80% of the ultimate strength. 


esting; the areas varied from 55. 2% of the yeotangle ‘enclosed by 
axes s and the eo of the point, to 60. 3% of the he 


x 


be 
iim 
a 
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4 
It seems justifiable, therefore, to assume 0.57 as the area 
actor for the 80% portion of the stress-strain curve of concrete in 2a = ‘ 
ion. i but fairl rate determina~ 

veral approximate but fairly accu deter: 
tions indicated that the center of gravity of the above area could be 
assumed at a distance equal to 64% of the 80% ordinate, above the 
axis of stress, i. é., the axis corresponding to the neutral axis in an 
actual beam, With these quantities determined, it is possible to 
deduce actual working formulas. It is assumed that the beam is 
_ horizontal, and the applied forces vertical; that, within the elastic _ We 


REINFORCED CONCRETE FLOOR SYSTEMS. 


Let E, represent the of lasticity of ste 


= E,, the modulus of elasticity of concrete Gears 


T, the unit tensile stress in the steel, 
bys , the elastic limit of steel, 


the unit stress in the concrete, 
fos the ultimate strength of in 


pounds per squar 


q 


am or of a par 4 


area of steel per inch of width, 
‘the area a of in Ww idth, 


ae 


in compression 


Les “a the elongation per unit of length in the steel (assumed — 


as uniform, and the same as that at the axis of 
since the cross-section of the bars is relatively 


—  ... 
— limit of the steel, i 
deflection remain plane 
— deflection; that there is such a union o 
q thats thee; thet tare ene: no initial strains, and 
4 ile the tensile strength of the 
— 
represent the width of ar 
> = represent the width of ar 
— iF 
f 
= 
— 


ete 


ithe centroid hal the compres 


ral axis, pi 


the lever arm of th the stresses in the steel ‘about the cen-— 


» troid of the compressive str esses, and 


* A B, the stress-strain curve of concrete in c compression, , such 


o-2 that when F, for the extreme element in compression, = 
is is equal to 0. 8 fey ny, = 0. 64 y,, and the area, A B les 7 


= = 0.5 57 = 0. = 


Therefore, 
t, E, 
= 


E Equation 2 2 as long T does” not exceed ¢,; but the 
of F and E, must alw rays | be those that © correspond to. to each other 


=0. 456 X 0. 64 =0. 292 Yor 
It is operation to use the abor 


to substitute proper values of fy E, and E depending. upon 


and the value of M determined from the con- 


PALS 


load should be 


‘Testing a given desig however, ‘not in accordance with 
‘ 


assumptions ur lerlying the above formulas, not simple. 


Probably several approximations, involving knowledge of the 


complete of the | stress- strain curve, and changes in the con 
stants of ‘the formulas, would be required to give reliable results. 


| 
Px?” 
— 
resseS 
| 
a 
e.4 
— »++(2) — 
a 
— 
liz 
lim ce 
. 
: 
— 
— 
| 
j 
— 


REINFORCED CONCRETE FLOOR SYSTEMS. 
<a Consideration of the figure and the equations will show on the 
coeflicient, h, 
; widely v: varying stresses in the steel wil ‘the concrete, nor e for widely 
_ varying positions of the neutral a axis. Bs: will be less under al 
: stresses, as when the stress in the steel ‘is at the elastic limit, than 
under ordinary working stresses. Asa a ‘matter of safety, therefore, — a 


if if it is to be used as a constant, ‘its value sho should be determined =" 


enaataiad that A is a constant, the value of which is s to be + 


oom 


mine ed from conditions ‘existing g when the. ‘stress i in the s steel is s at the 


Itt, = 40 
‘Itt,= 4000 « 0.856 4 


= 0.873 
‘ 6 


“average case from those 


sq. in. (f, and remaining the same) gives: 


For the right line, h = 0.865 

a tlie parabola, h= = 0. 84 


would seem justifiable, from. the above values, 


value of 0.85 for h, under all conditions. 

Equation 6 can be used just as well for Working stresses 
maximum stresses, by substituting for t. 


a 

— 
 & 

— Of the va give the greatest value of h, and a parabola 

— 
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:EINFORCED ‘CONCRETE FLOOR 


must tbe be expressed in terms 


‘thinks that the maximum allowable of reinforcement, 


mined by direct 1 tests Iti is is certain ‘that, it can never be , economical 


to use enough steel to cause the beam to fail first by crushing the Pe 
eonerete;, it may be economical to use much less; so that the -maxi- axi- 
_ mum allowable ple percentage of steel for each grade of conerete is an 


- important figure to determine, and it should be determined as accu- — 
rately as possible, by experiments devised with that end i in ‘in view. 


ar 
Be In ‘the absence of be better sources of information, ‘this percentage 
ean be determined from formulas such as Equations 1 to Make 


ing 1 the same peo ga as for the value of ‘A, these formulas give 
following results: 
om 
hen ¢, 35 000, 
40 = 0122, 
ee 


0.00855, 


_ Other assumptions as { to the form of the stress-strain curve nie 

result, of cou course, in different v: values of cls Thus, for the assumption 


of a right line when t 000 0089, = 0.008! 0089 


A “lbw will I readily be se seen from th above that the different a assump- 
in curve > will give different 


d, or, what is the same thi 
| - = 55000, = 0.00731, 
| | | 
= 
— 


depths: a beam of given a given” resisting 


‘and the parabola 1 rather inclines to the 

extreme. Thus, ‘if the: desired ‘resisting m moment per inch of width 

| other constants are 


such a as 6, make it less accurate than ‘Equations 


tities entering “Equations 1 and the met method of determining | 
any of the approximations introduced into ‘Equation 6. . Thus, 
requires but the plotting of a few stress- strain curves, from t tests et og 
such concrete as is actually” used in "practice, to demonstrate that, 
_ whatever else they a are, _ they are neither r right lines, nor very close i 
approximations thereto. ‘Whether the assumption of a parabola, or 
4 - the assumptions made by the writer, ‘are much nearer the truth, is 
Zé ‘not am matter of much consequence, when a little consideration is 4 


given to the ¢ quantity, E, - This, in the writer’s deductions, and all J 
similar ones that he has seen , is called the “modulus of elasticity of 


©. E., in the discussion of the w writer’ S$ paper presented at St. Louis, - 
end previously ‘Teferred to, before using» this term, it ought to 


defined. As used i in Equations 1 to 5, it is undoubtedly a quantity 


“i ‘proportional to the tangent of the angle, BAC,in Fig. 1; but it is : 

doubtful whether it fair to a modulus of elasticity, 
same sense as that term is used when applied ‘to materials 
having a well- defined elastic limit. It has become customary to 
= _ determine, : from tests of concrete, the value of F, from say 0 to 600 4 
. per im: ; from 600 to 1000; from 1000. to1 500, and 
/ Such a value of E. is proportional to the tangent of the angle made 
by a certain chord of the curve, A with the axis, A C. it would 

“certainly not be correct to use it in formulas such 1 as Equations “- 
5, unless the design is on rking , and the value” 


of is determined simply betw 


4 


It may iy be objected the approximations introduced in 


7 ‘conerete;” but, as pointed out t by W. Kl Hatt, , Assoc. M. Am. Soc. q 3 


— 
— 

2 
| 
— 

— 
if a 

— 

an 
— 
Mg 
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writer has ‘seen, up to the present: time; but, 
E Ve ‘shall be, a8 i in Equations 1 to 5, proportional ‘to the tangent of 
~ the angle, ; BAC, it will sc soon be found that it will vary within n such 
wide limits that an average value assumed in calculations _ may 


. easily vary from the actual value by at least as much as 25 per cent. a 


‘ This would introduce a very material err or in both the percentage 
of reinforcement and the probable mazimum stresses in the con- 
2 
crete. ‘Therefore it seems justifiable to assume e that : a a formula such 
as Equation | 6 can be made just as” accurate as any of the forms of — 


1 to 5, especially if its he determined from 


tests designed with that end in view. Pe. 7 
ow- 
— how- 
ev besides the most apparent 0 one, na, of simplicity. the 
~ allowable percentage of steel is correctly determined for the quali- - 
ties « of steel and concrete it is proposed to use in each case, Equa- 7 
a tion 6 will, give a a design i in which. both materials are worked to the 


= safe limit; this’ design, from the standpoint of efficient use of mate- a 


rial, will be the most economical. — If the constants entering | Equa- 
tions to 5 are  correetly determined, they will give similar results, 


tentative with estimates of cost, would be 


that the rat ratio of cost of steel per, per foot t to the cost of 
cubic foot entirely independent of the ratio between the 


maximum allowable stresses of the two m naterials. It is desirable 
express ‘the cost in of ‘the frst named ratio, and ‘then to 


ma, if possible, so as s to 


vials are selected, their physical qualities fix the percentage of steel, 
which is a constant from that moment, ‘Thus, from Equation 3 it 7 
is ‘seen | that the coefficient of y, is m made up o of quantities, all o a 
which are ‘physical | constants, peculiar to th the materials. . Therefore, a 


soon as the materials are selected, the ratio to i is a con- 


— 
‘Ve ably a more strictly accurate value of 4, would be proportional 
—_the tangent of the angle made by the curve itself with the axis, A C. 
— 
— 
4 
Wey 
Ue principles Of Maxima and Min 4 
— 
— 
itm 
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witli stant, whence the ratio of y, todisa constant. al From ‘Equation 4,0 


constant, under the same 
Now assume a beam of unit v width, for simplicity; let let ies re, 


oof the applied loads for a beam of unit width be represented by mo 


Making the necessary substitutions in Equation 6, ‘it 


in sili a and d are the vari alias since m 


The ¢ cost of a concrete beam 1 may > be subdivided in into: 
(1) The cost of centering, 
@) the cost of the concrete below the steel, 
<—— ‘the cost of the concrete above the ‘steel, and . 
ia the cost of t the steel itself. ; 
(1) ond 6 (2) om fixed by the conditions of each case, and would ¥/) 


a 
ous vary appreciably for variations in they may, therefore, be 


treated as constants. The variable part of the cost then lies in 
ae and (4). . The cost of the steel is ih iameed to a, and that of 


the concrete to d. ala 
of steel per cubic foot 


Let ; p represent the 
Let x represent a to the sum of the costs 


a the y variable elements, so that 


of ‘Substitute for a its value from Equation 8, and there re 


Differentiating, 


ae 

— 
[is constant for any given 
4 a = 
4 a 
#3 

— 

. 
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are. Iti is, therefore, a condition of minimum n cost, that the total vari- 


4 able cost shall be twice that of the variable concrete, or, in other Ax 
t words, the cost of the steel and the c cost 0 of the variable part of the : 


4. e., for minimum the area of steel be t to the area 


span 1 of the Doar in “inches, w the total per 


Substitute thi: 


and there results, 


In the above demonstration, ™M, , the total moment, , has been a 
sumed as constant. As a matter of fact, the dead load varies with © 


a and d. The due to variations in a is very omell 


however, 6 if it j is to an - absolutely constant 
load capacity, the total moment must be “expressed i in terms of d as 
a a variable. Th The weight of ' the concrete below the steel must be in- 
“eluded as part of the constant live load, in this case. 


_ Let w! represent the weight of concrete, in pounds: per eubie inch, 


OM, total bending moment on a beam of unit 


“© w represent the constant. live load, per linear inch, ae 
om represent the moment due to the constant live load 7 


“om represent the moment due to the variable dead load. — 


— 

2................(14) — 

— 
im 

linear inch, in pounds, — 

{ 
— 

A 

4 4 = 


1=sheat 
pw p pwdP 
+p 
w'd 


6a 


ket 


rr y the variable dead load alone, and the ter rm, 


given span, a constant, and Independent of both the live load and the Y 


7 Evidently, the total cost is a minimum when it is t is equal to to twice 
i a the ne cost: of the variable concrete, plus the. cost of the steel ‘required 
= 
to carry the variable dead load—the latter ‘item: of ‘cost con 


Equating ‘the second ‘members of 


Siht 


This equation is» identical in form with Equation 17. 


~ the e moment due to the live lo load. - It is evident, therefore, that the 


“economical value of di is , dependent solely upon the live lo load, for ; 
4 given value of ‘. - Unless the live load i is very small, the va values. of z 


solving for d?, there 


~ 


- especially if the design is for ma maximum stresses, ‘the loa 
ducing the maximum 


— 
proportional to the cost of thi i 
— 
| 
im 
4 — 
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is more logical plan; what i is wanted is factor of 


under applied loads. 


maximum mum stresses, the factor of eafety leads: 
a quite : as great as it is any ordinary fire-proof building “design 
and, for static loads, is certainly sufficient. Under such assumptions, 
es the results of Equations 14 and 23 do: not differ by | more than 4 of 1 
‘te 19, is for a, and 
- equation solved for d, there results a value, whieh, while not theo- 


to o tenths or ‘or possibly ‘hundredths of cents. per linear foot a beam 
This is close enough to ‘theory 


‘Byidently, the value of the quantity, is some 


j a the centering, is 20 cents. At 3 cents p per r Ib., ‘the value of steel is sia 
40 per cu. f A fair a average value of p , therefore, would be 


great for s steel of high elastic limit, because the the concrete e would a 


bes able to develop the strength of so much steel. Under the ese we 
cumstances, the mo: most economical practicable. design is the one using _ 


the maximum allowable ‘percentage of steel; theoretical economy, 


on relative costs, is not attainable. The best that ¢ can be done 


_ is to. use as large a percentage of steel as the concrete will stand; 
any more than this i is wasted, for when the concrete fails, the beam — 


- fails. . Since the foregoing discussion of minimum cost does not 


contain the between the allowable maximum stresses in the 
two. materials, it is but natural that the results should require com-— a 


parison: with those derived from formulas : in which ‘this ratio is a 7 


In actual design, - writer” would use the value, for a, 


| 
— 
| 
am 
17 
> 
obably a fair average value of concrete per cubic foot, apart from 
=5, or 0.014. An examinatio 
values before deduced for the maximum allowable percentag 
7 
2 iq a 


a, as » experi- 


unless the maximum allowable value 


“a ment or from Equations 1 to 5, should be less than - ; in which case 


7 
the maximum allowable value of a would be used. He would, if great 


accuracy is desired, write the ‘moment of the Toads in the : form 

given in Equation 18, in order to o avoid a any guessing as to the dead ; 
aa —Icad, due to the variable part of the concrete; w » would be the total 


live load, multiplied by the factor of safety. 


The: only equation required for designing would then be Eque- 
tion 19. - For: a, would be substituted its proper value, in terms of a 
and the equation would be solved for d. a beam of width, » b, a 
only necessary to make very obvious changes in ‘the: formula, 
The + value of a follows, when dis known. . if great accuracy is not 


“necessary, an approximate value for the dead load can be nda) 


value of d will be a pure of an  adfected o1 one, as i 


The question is at once suggested by the results 


whether, in the cas case e of "steel of high elastic limit, in» 


maximum allowable v h less: greater economy 


could not be attained by reinforcing the concrete against compres: 
gion. on. It is of interest, therefore, to determine the conditions 
minimum ost when double reinfo t d. - 
inforcement is s used. 


au 


Let Fig. 2 represent a cross- section, and a Partial ide elevation, 
of a concrete beam, reinforced at top and bottom. It would not be 
desirable Place t the top reinforcement much higher than 


“ centroid of the’ compressive stresses in ‘the concrete ; and as ‘this 


a 

| 
il 

— the tata : 

— 
| 

a 


symbol have the same meaning. "Conditions the 1 maxi 
mum allowable stresses are to exist. 
From Equation 3, Y= 


i 


O8bkf, d 
Total stress in = 8b 


Assume a constant total moment, , thus ignoring the : variations in 


dead load, due to in d. Assum e that, the materials | one 


ider a beam in whichb=1. a may be into two - 
it, will be equal to the stress in a’, and 


< t, w will be equal to the stress in the concrete. 


a, 
hen, t 


the total m moment, is equal to h at, a, it m ne ay be divided 


arts, m' and m", that na 


position makes the « 

— 

— 
» 
= 
— 
— 
— 
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imum allowable a area of steel, 


= 


Let x be proportional to a e cost of the beam; then > be 


rt, t, +npm'"- + (n we m 


8 
A 


x d= ~0,w hence e=2d 
os "Therefore, in this ce case also, the total cost is a minimum when the 


a cost of the steel is equal to that of the variable p: part | of the concrete. 
To determine whether the beam with double reinforcement, 


allowable percentage of steel i is used, it is necessary to compare the 


2500, and t, = = 100 om. 
Then, by 1 to 5, == 34, / =0. .00263, and 
| q 
then a = | “Represent by p'. L et "rep- 
resent the maximum allowable proportion of steel for lower reinforce- 


mont only. Then p" = = = 0.00263 00 000). 


a + a’ = (p' 
nt 

But, ., from Equation 32,a, +a'= 

Squate the second members of 


vit 


) d, 


— 
— 
— we 
— 
43 — — | 
—- 

__moment than one with single reinforcement, in which the maximum 
a results for some particular grades of steel and concrete. Let J, =_ 

— = 


=a,+ and n= h ae a, 
=hi,d (“4 +a,)= h t, ——_(' 


ituting for the various constants their 
7 0.01137 (92.000 X 0.002630") = 
¢ ; 
20.2 


Substitute for d its vabee, in terms of m, and there results: 


242’ 

Lo. 5 

Comparing this result with that at of I Equation 43, » it is 


= 100 000, it is cheaper to use lower reinforcement .: 


ae Tf this is true for this value « of : a , it is certainly true for any _ 


- other value likely to be used i in practice, — Iti is advisable, therefore, a 
B use double reinforcement only when the conditions of the problem 
restrict the value of d, or is V important to reduce the 
weight to minimum. In the discussion, the in- 
eo troduction of d as a variable factor in the value of m has not been 


considered ; but there would ordinarily be no material change in the aan 


"result, if this were done. — It is te be noted, however, that “when 


ss i lower reinforcement is used, and t= = - 100 000, the value of d 


is about one- -third greater than when double reinforcement is used. oY 


«This will ‘ some in the actual live- load capacity, if 
s assumed as a constant. if the live load is very y small, as as compared : * 
with the dead load, this may change the relative costs, for a given 7 _ 


live- load capacity, as to ‘make the double reinforcement more 


— 
ESS 
— 
| 


=, 
a economical ; but if the live load is ‘relatively large, the single rein- 


forcement will be more economical, although the difference may ay not 


quite as great as indicated by — ad and 45. In prac- 


| 


"” Hitherto, ith has been assumed that the beam was toh be reinforeed- 


against what 1 may be termed ‘the flange stresses only, and the discus 
sion applies, of course, to the section where m is amaximum; buf ~ 


a other stresses exist, ‘in reinforced concrete beams, corresponding 4 
; the web stresses in steel beams. a For simplicity, they will hereafter — 
be r referred to as web stresses. might be -ealled shearing 


stresses, for s the locus of such stresses, as well a as those due — 


ee apression; by analogy with an open truss, in. which | 


the: web stresses in a } panel are often called the ‘ “shear’ "in that 


a panel, all the web ¢ stresses in a reinforced “concrete beam might be 4 

ealled the “shear” ; but this use 0: of t the term has led to much useless 

Senden: and misunderstanding, and the writer prefers the other me | 

the fact that if tensile and compressive web 


would consist of a multiplicity of relatively small n 


erry to the horizontal reinforcement, ‘and inclined both cy 
4 from ‘the center of the span, at an angle o of 45 degrees. The wo ine 


ment t to the horizontal reinforcement should be independent of the 
4 concrete, _ should permit no lost motion between web and deh 


forcement, and should be strong enough to develop the strength of - 
the former. The: spacing should vary from the center to > the ends, — 


- decreasing in propor nerease in the web stresses. In any 


ease, the sum of the horizontal components of the stresses in all the q Be 
‘J web members in each half of the beam should be at least equal to 


the maximum ‘stress in the flange r reinforcement. The web memb 


4 all extend entirely to the top of the beam. 
Assuming w: web members as above described, the aggregate 


section of all on one side e of the center is, for ¢ a ‘beam of unit width, 


ment, a, equal to” a The length of each 


web member is equal t ‘The volume of all the web b members 
in the beam is then = 4 a he 


— 
— 
| 
are 
— 
— 
— 
— 
— 
— 
— 
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‘ume of web members per unit of length of the b beam i is then —— 
is also the area of a bar equal in w eight to all the Ww eb members, and 


“equal in igth to span, Call this area cost, 2, is 
to d +p p + a). Represer nt the load moment by 


a= 


t, d 

x, there an can be differentiated as in the 
Le that have gone before, the variable a, entering as a 


factor the value ‘the total moment. unnecessary to 


-Tepeat t the mathe »matical work. k. The he r are as follows: 


Pp w! 
Mi inimum cost, = — 
ht. 


Designs made in with give costs 


- almost identical with those obtained | by designing without reference 


5 or web members, and then adding the web members. ‘Thus, for a p par- 


ticular | case assumed by the writer and worked out, the cost ~<a 


foot « of the variable ements of a beam 12 in. wide, as deter- 
mined under va various assumptions, was as follows: 
—Designed | without reference to o web members, 


without taking account of the variation in d, 


web members being afterward added... 80.7 0.743, 
2. —Designed without reference to web members, tak- 
ing account of variations in d, web members =. 


or ons in di in ‘designing the section of maximum 
t the value of M may be > written as a function of d, if ‘its ; 
to avoid guessing at the | dead weight. : ‘After a little « ex- 
however, the designer will be able to guess the dead voll 


with parte t accuracy, and in that case he will have, as stated — 


above, only a pure quadratic to  solve—otherwise h he: will have to solve 


one containing bo the first and second powers of d. 


— 
is, 
4 
a 
| a 
— 
= 
4 
| 
ia 
a the assumptions leading up to it.............30.73 cents 
. 


REINFORCED CONCRETE FLOOR SYSTEMS. 


. a All that has s gone before i is applicable o wie 
floor slabs. No extensive system of concrete floors 


can be economically designed, _ however, without se, either of 


rolled steel beams, or else of reinforced concrete ribs, ‘forming, to- 


- gether w with a portion of the floor slab in each case, w hat i is practically 


ot is necessary, therefor, to consider the | veiled design of | 

sections as tl this. 


nis, 


ated in a floor system, is fn fixed the conditi tions 


roblem ; b is fixed mt its relation to s, and Ld will | usually 
- hee necessary, however, to eet these 


n fixed, 


a discussion similar to that have gone before, it will 


be found that, for minimum cost, 
— 


— 
— 
7 
tm 
4 
— 
= gall result fri 4 
| 
— 7 4 > 
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een assumed as a constant, these equations would have 


As b d is the variable « concrete area, it may again be assumed that 
e economical value of A is — . The last term in Equation 51 is — 


he area of steel required for ea simply the e variable dead load. b 
web members be considered, the result would be the same as as in 
he case of f rectangular beams. 


does not ex seed the value of a as de- 
duced from Ec Equations tos 5, the economic al desig ign n for 


projecting ‘flange, and the beam is toa section. 
Bu ut greater t than , the resistance of a a flange, 


of a ‘reasonable width of floor slab, may be mat on, and probably, 

for r any grade of steel likely to be used, A could be made equal to 

onnne ai all cases. It will cost a little more to put concrete into the 


or ie the pours or stems, so that p will be less, and — greater, for 


beams than for floor slabs. 


> 
» the writer’s &t. Louis paper, he presented fc formulas for -: 


beams: modeled after ‘those deduced by A. L. Johnson, M. Am. Soe. 
a E. In applying these formulas to particular cases, the total al- 


* Towable width of f flange (b +2 ¢, in Fig. 3) was generally. found to 


between 3 b and 4 The writer thinks conservative practice 
would confine this width 3b By the assumptions as to the 


stress- strain curve assumed in this paper, those made in the 


( y St. Louis pap paper as to 1 the distribution of stresses in the flange of the 
beam, the average stress in the compressed part of the concrete of a 


1e loads” producing the maximum stresses in de- 


-bea am may be taken as es not less than 0.55 0.8 = 0.44 


— 


ducing the formulas. ala then, the product obtained by 
the area, men, +2 8, by 0.44 is equal to, or greater than, 
. - the e economical value of A can be used. Otherwise, the following 


"equation be satisfied (c being assumed equal to b), 


t= = 0. fy by + 


of economic design been brought out; and that the die 
cussion is based on formulas capable of giving as great accuracy as s 4 
i attainable w with any more complicated ones. With the : assistance a 
— a few co constants, which ought to be detern anne by specially de de- 


vised experiments, the formulas herein 


of the section is a maximum, and the e formulas 


take account only | of bending stresses, pure | and simple, as far 


they are actually a guide in designing. 44 

web | stresses, in practice, are re quite as as the flange 

+ stresses. The web of a plate girder an and the web members of a bridge 


truss often demand much _ attention than the flanges and 


+ 


chords. ‘This equally true of "reinforced ‘concrete’ girders and 
= if it. is bad practice to count upon the tensile strength 


the concrete in the lower part c of the beam, it is “equally bad practice 
to count upon it in the web. 4 - Of the existence of tensile stresses in 
a - the web, acting at various angles with the axis, there can be no 
= doubt. In Rankine’s Applied Mechanics” ia given a diagram ehow- 
ing t the lines of principal stress in a homogeneous beam, ‘ The dia- 


not apply to a reinforced Concrete be eam, but ‘there 


would be one more or less similar to it, | with the lines of tensile Y 
stress all originating in the axis of the steel reinforcement of the 


Tower flange, rising at an agle of appoemimatey 45° » and inclined 


toward the abut 


tments. ‘This would be the case under ‘the assump- 7 


tion of a uniformly or symmetrically distributed 1 load. The These lines 
a of tensile stress would not differ much i in relative ar ve arrangement fro from ws 


tensile web members | of a a lattice girder, q 


About August, 1904, writer had to design some ‘rather im- 
portant long-span for the War College Building, at Wash- 


— q 
7 
itm 
a 
1 
I 
‘an 
— 
7 
— 
= 
3 
Ss 
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“convinoed “that ought reinforced conerete beams ms and 


‘girders to be ‘designed with w web reinforcement, but that the ten- 
sile web members ought ‘to be ‘arranged at angle « of 45°, an 
firmly “attached to to the horizontal "reinforcement, the 


ae of lost motio on, 80° that the horizontal components of 


aid 4U5 


the | tensile web stresses could be _ transmitted into the hori- 
zontal reinforcement, without depending on the surrounding con- 
-erete; in other words, that: concrete should more relied 


connections than for resisting tensile flange stresses. 


Previous to the time when the War College work was was designed, the 7 
writer had analyzed the web stresses by analogy with a Pratt truss; 
but study of the War College p problem made it apparent that the 


writer has } used it since that date. To illustrate the method, and to 


n subsequent ‘references more ‘clear, let Fig. 4 represent 
udinal section of a reinforced concrete beam, taken n through 


7 the axis of the horizontal reinforcement, only one- -half of the - span “3 


being shown. The beam is divided, as nearly as possible, into equal 


- panels, each panel length, as 1’-2’, or 1-2, being equal to the depth, d, : 
a the axis of "the horizontal reinforcement below the top of the 


beam. The lines 1’- 1, 2’-2, ete., are the assumed lines of tensile 


stresses, and the the corresponding compressive | Stresses in the | co oncrete 
are assumed to act along the broken lines, 2 -0, 3’-1, ete. This gives 
a . double sy system of web a and the web stresses ‘are divided 5 


, the load is concen- 


stress in, , say, 9-2 been enough are. 


a — 
— 

a — 
— 

= 

— 

— 
— 

— 

— 

— 

q 


ery the middle points of 1-2, and of 2-3, to carry it. 
‘This, method followed for all the tensile web s stresses. The con- 
crete is ‘assumed to take care of the compression. The tensile 
members ar are designed so that the adhesion of that part above ve the 
neutral axis will develop the ‘strength of the member: this is to be 
insured by the use of a mechanical bond in the upper part of the “y 
web member, if necessary. All web members extend quite to the 
OF the web members hold, oe bond for the main hori- | 
zontal member is probably of secondary importance; but, inciden- 
tally, it is furnished in a very efficient way by rar gener of 
w web m members. ‘The writer prefers not to depend upon simple 


adhesion, if ‘mechanical bond is practicable, he was not al- 


as sec Just how far in thi this dirvetion the designer shall 
| depart from the conditions due to a uniformly ¢ distributed load is a 
of judgment, in each particular case. e. For railroad struc: 
tures, the worst } conditions for ‘the web can probably be 
and especially for buildings, some fair ‘concentrated loads” 
aul be assumed, and | the web members designed for them, as well 
as for a uniform load. The lower xr flange reinforcement + should be 
‘designed for a uniformly dist distributed | load; it should be diminished — 
in cross- e8-section only very near the a abutments, if at all. If 
in this way, it will take care of a any pure bending stresses likely to 
occur, under any ‘reasonable distribution of the load. Peale Pet” 
; ‘The writer is well aware that many ap not agree with 
him that attached web members are necessary; but at least all will: 


” admit that the subject i is still an open one, aad that the question 
of. stresses, including the shear, is not yet satisfactorily settled. 
The writer thinks that nearly all tests of reinfore ed concrete . 
beams without web re reinforcement, in which the p ercentage of steel — 
was: anywhere near its economical value, have that failure 


4 occurred wl under the web stresses | primarily. This also will be 


r puted ; but, even 1 where the beam was tested by 2 a center load, the 


q 
> 
— 
iv 
— &§ 
4 
— d 

2 
— 


of actual experimental structures, under more or less “ie 
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pressive stress, at greater or less ‘distances f the 
— 
Failures under uniform | loads, practice, have nearly om 


Ps occurred when ‘the stress in » the steel reached the elastic limit. 


Tests i in which an excessive ‘percentage of steel resulted i in crushing 


“the concrete are not here’ considered. L As far as the writer is aware, 
thoroughly acientifie tests have been made to "determine the 


« 


loadings, and these tests indicate very clearly the value of the we wi 
members. In a recent on one, the percentage of steel was, as nearly 

as the writer can determine, more than 14; failure occurred 1 by pull- - 

the in two, | under: a stress’ of at east 55 000 Th Ib. ‘Per 4. in. 


4 of a steel beam. wert as the writer is aware, such tests are 


only recorded ones which bear directly on the © point at issue. 


Some other tests have been made by other persons quite accurately, 
cn beams” reinforced with the patented bars above referred to, but 
nd were designed | so that the entire bar, -, web members onl ‘all, was = 
itral axis of the beam. . Naturally, they 


entirely below the neu 
in much the same as beams without web members. 


a Apart from the very positive results of the few tests that have " 


It is evident that the the horizontal the 


nr in t the web members of f Fig. 4 must b be, int each half of _. as 
Be, at least equal to the total stress in ‘the horizontal reinforcement. 

_ Now, suppose there are no web members; ; the stress must co 


directly between the horizontal reinforcement a and the 


= 


a 

value of web members such as those herein advocated; but, in the 
exeellent work on Reinforced Concrete by Buel and Hill, at the 

ss bottom of page 47 and the top of page 48, are described two tests — = 

hich very clearly thet good is to te expected frome = 
reinforcement. The owners of a certain patented system, in 

| 
if 

tests, not only pulled the steel in two, but developed a capacity for 

| 

a 
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7 


ing; these are greater in intensity near the abutments 
they: are near the center, but, ina a general way, the si sum total of these - a 


stresses is ; distributed from the center to the abutment. As” ae 
stress in the steel eel approaches the elastic limit, the ad adhesion of the 
steel i in the concrete near the center of the 5 span grows less and less, 4 
due to to the diminution in the cross-section of the reinforcing bars; . 


the ‘stresses | the concrete are fe concentrated more e and more toward 


that failure should occur when the stress in the sad a 
elastic limit, and with greater or less suddenness. exact locus 


of the first fatal ‘crack is no doubt determined by accidental vari- 

ations in the concrete, by shrinkage stresses, or other unforeseeable 

“A cireumstance. A. As a rule, in all these tests, the total vertical shear 


isa very moilerate re 


7 _ divided by the area of cros section 1 of the concrete 
qu an tity similarly, this shear, divided by the cosine of 45°, may be 
oA taken as the total tensile stress along s such a line 1’-1, and the eee 


of e concrete to resist it may be taken as s that pei out by a a plane pass- 


ing through the line, and perpendicular to the plane of. 


figure. will also give a very moderate unit t tensile stress in the 


“conerete, , and will not indicate a1 any urgent need of web reinforeement. 
c But when the question of getting the total stress into the steel is. 
considered, as above, it is a very “different matter ; moreover, in 


cause of © their great extent, the ‘effects of tem- a 
_ perature ou es and shrinkage stresses are much m more marked than 
in n a single nam ma made for testing i ina a laboratory. a y. Probably at the 
e concrete are 
most: needed, they, wi be shally although the fact m may not 
be apparent ‘under light loads, due to the binding action of the steel. 7 
— On the other hanc hand, if if there i is adequate reinforcement against al all 


4 
possible tensile stresses, none these practical troubles will, to any 


extent, , diminish the compressive value of the concrete; 
and shearing stress, as such, need not be considered, except in refer- 


ence to the © power of ‘the conerete to hold on on to the various ead 
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are ‘designed as herein the greater the in the 


y beam, and the greater t the d le! flection, the tighter will be the grip of 


th the compressed part of the concrete on the upper 1 parte of the web 


‘members—so that failure can occur only, by ‘actually crushing the 
concrete, or r by pulling is probable that the 


thus increase ficiency. such conditions, collapse 
never occur at ‘the clastic limit in a well: balanced "design. It is 


ev ident that the lower part of the concrete may be in a more or less 

cracked and damaged condition, and still capable of acting, i in com- 

pression, as a separator between the horizontal reinforcement and 


the upper compressed part of the beam, thus carrying t the compressive 


obtains, ‘collapse will not oc occur, failure of either 
the compressed: flange, or the horizontal reinforcement, above 


q stated. leads up to the question of. the influence of the form 


is fairly well established that, under ‘temperatures of 


¥ f i of reinforcement on n the fire-resisting qualities of the structure. 


800° to 1000° fahr., cement which has set, begins to lose its water” 
of erystallization ; as this change progresses, , the the strength is im-— 
paired. &ff the fire lasts long enough, the lower er part of the concrete 
in a floor ‘system is completely ‘ruined, and generally comes. off, ex- 
iy posing the steel ; if the fire still continues, collapse, i in ordinary de-— 
signs, speedily, follows. The exposure of the steel i is undoubtedly — 
eatly accelerated by the e: | existence of severe stresses in the con- 


crete immediately surrounding the steel, ‘in all cases where attached 
web ‘members are not used. W here they are used, the damaged con-- 


crete, having no structural duty to perform, will hang 
and at least protect the steel ; even after it comes off, the structure 


= collapse | only ‘after the steel becomes hot enough to have its” 


impaired. 


the conerete dehydrated to to any appreciable nothing 


— of we -building will « constitute > adequate repairs. 1 The damaged 
_ material must « come me off; on it, and its bond with the concrete y above, rt 
_ depended the ability of | the steel to transmit its ‘stresses i 
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There is no method of 


however, attached web members are used, ‘there i is no 


zontal reinforcement at all; even vif the concrete is seriously damaged 


. a en) high up as the neutral axis, the floor can be supported by shores, 


the damaged concrete remov coved, and n new material ‘substituted for it; ¥ BY 


the bond between the new and old ‘material, with the sssistance 


- ‘resist the compressive web stresses, quite as well as in the “first in- 
In — words, adequate repairs are possible without ¢ com- 


summarize the adv vantages of attached web members in a fire: 


‘The the lower bars, free from severe 


} “collapse or fatal deflections, a 


for they ey cannot, in any ‘ease, transmit t longitudinal into into the 

main bars except through the concrete; if they are e vertical, 7 

ae around th the n main here, this mode of attachment i is not suf- _ 


“the concrete. ertical members, thoroughly 


tached to the main bars, without depending on the concrete, would — 


ease, as Howe truss; but, with ‘rigid attachment, it is just as easy 
— use inclined web members, and thus locate them along the action | 


lines of the forces they are are intended to resist. ot le ) 


It ‘has been objected, to the use of attached web members, that 


involves: the use of patented bars. is The e writer, himself, once thought 


so, but, after looking into the state of the art, is now ow convinced that 


the involved is not but that t there 


“no doubt be ‘sufficient—the composite beam being analyzed, in this” 


— tween the new and the 
— 
ai 
derived irom the steel, Will be sulicient to Hold the hew Material ih 
&g — , more heat will be required to produce fF | 
— nd in the absence of these, repairs are § 
— 
= possible, whereas, without the attached web members, reconstruction 
necessary. Unattached web members, either vertical or inclined, 
— 
— 
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secured, on new methods of attaching the web ) membe should ai 
be developed. At the War College, there being no patented bar « on F q 
the market i in which the spacing of the web members could be varied 


in accordance with the actual distribution of the stresses, the wr writer 


“thrust through the holes above described, bent ‘up on 
the proper angle, then hemmnaned down on the flat bars, so as to be 4 
upset into the holes, and to g grip ) the flat bars s sufficiently hard to , 
_ enable the assembled reinforcement to be easily handled as a a whole. 
Incidentally, these bars, of | open- -hearth steel, with all the labor in- we 
volved, cost, ready to set, nearly $15 per ton | less ss than patented bars 
which would ne not have met the requirements as to the distribution of | q 
= members. Drawings: of types | of the College work 
shown in Figs. 5 and 6. fe 
h A point ordinarily of vital importance in the practical execution 


ets work is the bond between the fioor slab and the part of a beam or > a 


venience and economy in execution, that the concrete for that. 
of the beam below the slab is | first t deposited, and then allowed to set ; 


“for quite a while—several | hours, or even a whole day—before the 
concrete for the slab is deposited. This is a matter of se condary — 4 


girder below it. It almost always happens, as a matter of con-- 


importance if properly designed and rigidly attached diagonal web 
members | are used, otherwise it is one of serious importance, and — 


iow standing would fail from the same peers 


that many structures n 

nly igh ] 


. In this oie , it may also be pointed out that, ‘the use of i 
"attached web ors, extending to the top o of the beam, makes it 


its fire- resisting qualities chiefly, and one for the parts above 


neutral axis, for its compressive strength. we The two qualities seem 


to be combined, as a a rule, in Well- -made 


- There is good reason to b believe that 4 
=| 


‘sli 
este 


— 
a 

4 
= used rectangular bars, with holes drilled Irom the sold, Ong 
a a axis, at intervals depending upon the distribution of the tensile 

4 web stresses; round bars, cut to a length slightly greater than twice 

tm 

— 
a 
lz: 
4 

fraught with great danger 
many failures in practige 
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gravel concrete, but it is not nearly as strong. It is more than 
strong enough, henee ver, to resist all compressive web stresses, and 


neutral a axis, if attached wh are 
If the deductions, from the results the 
study of 1 the subject, partly outlined in this paper, 
a) well founded, the following principles may be stated, including 


reinforced concrete work by 


hired labor, under circumstances demanding t the utmost economy. a 
—In. designing the se section of - maximum moment, the 1 maximum 
“economy, in and result when A = 


i 


ENLARGED SECTION THROUGH A GIRDER IN THE 
WAR COLLEGE BUILDING, 
SHOWING WEB MEMBERS IN MORE DETAIL, ALSO 

OF SLAB. THISGIRDER WAS 
"PUT IN PARALLEL TO THE SLAB — 
CARRY A BRICK WALL. 


able e economy, in dollars and cents. 


—It is not worth while to consider the ‘variations in the ap- 


owable p of Equations 1 will give the 
= 


far 
plied moment, due to variations in d, unless extreme accuracy is 
desired, or minimum weight is desirable; but an allowance 
= dead must be included, in computing the value of 


any case, 


—For all girders and beams— for all flat slabs, if the 
results are siete must he 3 in addition to o main horizontal 


— 
— 

— 

| 4 4 

= 
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reinforcement, web members, along the lines of tensile 


web ‘stress, s, and ‘rigidly attached to the horizontal reinforcement; 


must be spaced so that their aggregate area of cross- section 


‘ will i increase in proportion to the i increase in ‘the total web. roe | 
= 


as abutments are approached ; web members should be 


traversing | the compressed of the concrete, , should be sufficient 
to develop the strength of the member, and the attachment of the 


4 ‘member the horizontal reinforcement should be “equally “strong. 


ty 


Mechanical bond should be > used i in the e upper part of the web mem- 
aa if ‘there i is the least doubt a s to the adhesion. ion. ts 


Each horizontal bar should have its own set of web 


be ad to hold the horizontal bars at the proper distance pot the 
_ centering ; these bars should be of rounded section, as nearly circular 


as possible, so as not to cause unnecessary shrinkage otresses i in the 


nerete, and so that the wet concrete can be readily made to fn: « a 


pe nder them. ‘This will give a a better ‘result, at at less 3 expense, than the . 


- current at practice ce of depositing first a thin layer of concrete, ‘and then 
—As reinforced becomes monolithic in ‘setting, t the 


pee beams, | ete., will act as continuous: s girders, whether or not 


desired by the designer. This condition might as well be 
_ “accepted, and : reverse reinforcement used at at the proper points, to ; 


- avoid unsightly and often dangerous cracks, if for no no other reason. ce 
this is: done, it is entirely permissible to reduce the bending 


_— moment at the middle | section very materially, , thus saving some steel 


: in the main reinforcement. The pr proper distribution of web members 


-. Possibly the writer ’s conclusions in this paper may not be upheld 

by future tests, but he thinks they will; practically, | no well con- 

‘e @ sidered and accurately c conducted t tests have been ‘made with a special 
to determining the points discussed herein. The writer ‘thinks 
are at least worthy of experimental determination, and has” 


_ submitted this paper mainly i in 1 the hope of arousing the ‘Mecessary 
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} 
and 47, if value of a, in the total moment, be 
- stituted in the expression, 4a d, for the total volume of the web © 
members, there results, +m’) in which m and 


I ignification as in Equation 18. As long as m - m’ is con- 
sigt s in Equ 18. As g 
stant, the: total volume the members _ is "constant, 


is, it is independent of d. On the other hand, under the 
_ same assumption, a decreases as d i increase s. Hence, an ideal 1 system 


of reinforcement must provide for web members. of variable length 
and spacing, otherwise, when a is properly determined, “the web 


. members will often contain too much or too little metal. Saas 
= - It t should b be pointed out - that the expression, 4ad, for the 


of the web members, is really based on on the assumption haven 


‘just 50% ; in this case, pains must be taken ‘to enable 
horizontal ‘components of the compressive web stresses to be 


properly transmitted into. the main reinforcem: 
_ loads, ‘it will | be found that the stress in oo web member, 5 


Re. 4, for example, © will be. @ equal i in amount to that in 38, 3’, but of a 


‘hee meeting at eee the attachment of 3- 3, alone cannot 


| 


but a special bonding device must be provided to take up the hori- 


zontal ¢ component of 5’- 8, or else | the adhesion ‘of the main bars must 


in n Fig. 4a are practically ‘those which actually « exist ina aahiion 


concrete _ beam, and the compre essive e web str tress 


“parallel to the ines, 8, 2, ete, regardless 0 of the form ¢ 


is easy to see why unattached web members are wholly 


no matter how ‘they are arranged. As bearing upon the necessity 
or attached, diagonal web members, s¢ some tests made by the e Chicago, 


_ Milwaukee and St. ‘Paul Railway, a and sported by Mr. J. J. Harding, 


— 
| 
7 
* 
4 
— 
intersection Pratt truss. If they are analyzed, as indicated in an 
— 
— 
— 
— 
depended upon to transmit the total increment of chord stress, 
— 
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show euy clenly the value of such web members, even when n not 


1 R ‘of ‘Uth, 1905. This p paper ‘was finished before 
7 the 1 writer saw this number of The Engineering 1 Record, otherwise 
the results of the tests would have 


a 
q 
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Wusovr J. Watson, M. Am. —Many of ur. Watson. 
_ the larger cities have building codes which prescribe certain assump- a _ 
tions which must be made in computing reinforced concrete building 
work, and some of them require that copies of the computations shall “ 

be filed with the city authorities. - Under such restrictions, the en- _ 

- gineer is not at liberty to exercise his own judgment as to the for- 
mulas which he shall use, but must select those which | will ll 


code, which ar are often. irrational. 

First, that the ratio of ‘the | on of elasticity of steel to that 7 

of concrete shall be taken as equal 

we Second, that the stress in any fiber of concrete shall be assumed 
be ‘directly proportional to its distance from the neutral axis; 
: Third, that the unit stress in concrete, due to bending, shall not | 


exceed 500 Ib. persq. ims 
Fourth, that the unit stress in steal ‘shall not exceed 16 16.000 Tbe 
«Per sq. in. under bending loads. 
_ The writer does not w ish to be understood as defending the fore- 
- going requirements, especially the first two, which are shown by the L 
author, and also by George H. Blakeley, M. Am. Soc. C. E., in his | 
excellent analysis of the subject published in The Engineering = 
Record of May 27th and June 3d, 1905, but is discussing the m atter 
_ from the viewpoint of the practical designer who is esi by 
law to conform to those restrictions. _ In proportioning the quantity © 7 
of steel, the writer uses a value of 0. 85 of the distance from the top — ; 
ca the beam to the center line of the steel reinforcement as ie 
effective depth of the girder, as recommended by 1 the author. _ The 
writer does not like the idea of using multiplied stresses in the 


. - analysis of reinforced concrete beams, as it seems to be more > 
rational, and more consistent with the method of nae: used - oo 


“modulus of elasticity. of concrete to be constant the o 
working stresses. It is often argued, in favor of complicated for- — : 
_mulas for designing reinforced concrete beams, that the tests of | ; 
beams show a greater strength than the more rational and simple a _ 


formulas would indicate, but such is also wed case: in regard to the 


ject place too on the strength of a reinforced 
It is pretty well tests that, when the stress in 

‘the steel rods reaches a ‘comparatively low value, eracks will begin be 
to appear on the tension surface of the concrete. It seems to be the ~ 
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Mr, Watson. idea that it is safe to disregard this cracking of the concrete in 
as a tension, entirely on the supposition that, provided the stress in the 
steel does not exceed the yield point or elastic limit of the same, 
ee cracks will close up on the removal of the load, and no harm TA 
will be done to the beam. Now, the writer is a skeptic on this a 
point, and, until much more definite data are obtainable, relating aq 


_ to the cracking of such beams on their tension surfaces, and the 


consequent exposure of the reinforcing rods to corrosive ‘influences, 


it would seem to be wise for conservative designers to use low unit — 
stresses in the reinforcing steel, in order to reduce, as far as pos- 


sible, the strain of the concrete in tension. 


Granting that it is advisable to use a low unit stress in the steel 
“4 gained in using a high-carbon steel, or, in many cases, a distorted © 

bar. The only advantage that appears to be gained by the use of 4 
igh carbon steel is the increase in the factor of safety obtained, a 
that such factor of safety be based upon the ultimate 


failure of the beam. If, however, the factor of safety be based upon a 
the point at which damaging cracks occur in the tensile surface of — 


the beam, the factor will be the same for soft steel as for high steel 4 : 


bars. It will be found that by using a low unit stress in the steel 
4 and by using small-sized bars in order to obtain a large adhesive — 
_ surface, it is often unnecessary to use , distorted bars, a 
—— of the adhesion of the concrete to plain bars will “suffice to. 
- transfer the web stresses to the bars. The superiority of soft or © 
medium steel bars over high carbon poe lies in the greater reli- — 
a ability of the former and the fact that they may be safely bent cold 7 
in the field. The writer is ‘firmly of the ‘opinion 1 that when high | 
— ¢arbon bars are used, as they very often are, they ‘should never be — 


reinforcing bars, there ‘appears to be very little advantage toh 4 


allowed to be bent at all, as they are very likely to break in the a 


- bending, if bent cold, or to be improperly treated, if heated and 
bent. The writer knows of several cases where high steel bars have 


a. repeatedly broken while being bent for use in reinforcing concrete | 
work. If, however, high carbon steel is used, and also high working ~ 


tresses, then it will often be found necessary to use distorted bars, : 


a as in many cases the adhesion of the concrete to the steel will not | 
me aie s then suffice to transfer the higher stresses. The writer is not quite 
ss gonvineed of the necessity of attaching web members rigidly to the | 

horizontal bars. The method practiced by the writer has been to 
use vertical U- bars which are placed in the forms first, the hori- 
gontal bars are then placed upon them and are supported by them, 
_ the U-bars being hung at their upper ends upon a longitudinal bar | 
supported by blocks placed upon the floor forms. — se In this way the 
- vertical rods are drawn up tight against the horizontal bars and are 
to transfer stresses to the later, As 


4 
4 
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q 
= 
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= 
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= zontal bars, ‘the allies cannot see why this is not as as good as as a rigid mr. Mr. Watson. by, 
attachment to the horizontal bars. The system is very convenient = 
in the field. The writer agrees with the author that web members 
- ghould be used in nearly all cases of beams, and especially | when = 
= beams and girders are placed and allowed to set before the floor slab My 
is laid, which seems to be a common method of procedure. 
W. Noste, Assoc. M. Am. Soc. ©. E. (by letter).—The mr. 
writer has read this able paper with a great deal of interest. 
particularly opportune, as the use of reinforced concrete is becoming 
_ very general, before many of the theoretical points connected with its -_ - Wy 
design have been definitely decided, and before engineering practice 
a in this regard has been in any degree standardized. | For compl, 
7 there is in common use a bending moment formula which gives an 
= ultimate value for a given beam 100% in excess of the value given 
by another formula also generally used, and both formulas are sanc- — 
tioned by practice. ‘The variation in practice regarding the use 
_ shear bars is another case in point. F It is to be hoped, therefore, that — 
_ this paper will be very fully discussed. 
Some time ago the writer, by ‘graphical methods, reached 
conclusion derived analytically by the author, namely, that economi-— 
eal design requires that, unless prevented by other considerations, — 7 
“the steel reinforcement should develop the crushing strength of the - 
_ concrete when its own elastic limit is reached. Just what percent-— 
age of steel is necessary to develop this crushing strength i is a ques- 
tion on which opinions differ. e N. Talbot, M. Am. Soc. C. E., = 4 
found that in 1-3-6 beams 60 days old the 
- strength of the concrete would not be developed by less than 14% of bh _ 
mild steel or 1% of high-carbon steel. W. K. Hatt, Assoc M. Am. B 
Soe. C. E., found that 23% of mild steel did not develop the crush- 
ing strength of a 1-2-4 oa concrete beam loaded centrally. Edgar = 
Marburg, M. Am. Soc. C. E., found that a beam reinforced with © 
1.19% of Ransome bars having an elastic limit of 58000 Ib. per 
sq. in, did not fail by the crushing of the concrete. These tests show — 
‘allowslle percentages of steel considerably in excess of those derived © 
analytically by Captain Sewell. On the other hand, A. 
M. Am. Soe. C. E., working analytically, reached a result slightly 
below those under discussion. Theory and practice here seem to part 
company. As the maximum of economy is attained in beams 
highly reinforced, this is a point concerning» which h investigation 
eat _ Economy in the choice of materials is a matter which is perti- 
“nent to the subject under discussion. In designing roofs, for ex- - a 
ample, it is fing found theoretically to use slabs much 
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using the 3-in. slab, if the reinforcement used is less than 0.5 0f 1% 4 

* it is advisable to use cinder concrete, as the 
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. The be- 
ma tween the various forms of patented and unpatented reinforcing bars 
also resolves itself into a ques 


ina satisfactory can be bought for a a cent. 


‘concrete ond ‘end sufficient provision for shearing ane, q 
be supplied by plain bars at less expense than | by patented bars, 
then, obviously, the chea bars should be used. This’ brings up 


‘discussion of the nature of the bond between steel and concrete. i se 


The most extensive series of tests of the union between steel 7 
bars and concrete, known to the writer, was made at the Massachu- __ 
setts Institute of Technology.* he report. of these tests” has also 
been widely “circulated by the patentees of a certain kind of 
formed bar. A number of plain and deformed bars were embedded - . 
for various lengths in 1-3-6 concrete blocks. These bars were pulled 


on the free end to determine the first “9 The tests on round and ‘ 
square pain bars of structural steel are shown i in Table 1. 
TABLE 1 —Tests or ApHEsION Prawn Bars AND 


Depth pounds Stress 
and kind of bar. embedded, square inch square inch 


34-inch, square 85 


21 

ae will be e noted, from Table 1, that i in ever ery ease the bars slipped vin 
in the concrete at a point where the steel was strained to more than _ 
its elastic limit. This makes an obviously unfair test, for, when 7 

_ the bar begins to elongate, the entire load is taken off by the concrete — 

immediately around the point: where the bar e enters and conse- 


can withstand a tensile stress applied over 

the sheet, but fails at once when the load is concentrated at one 
edge. Such an action shows very plainly in the tests given in — 
Table 1, as the longer bars failed at considerably lower average ad- | 
_ hesive stress ad square inch than the shorter bars. This condition 4 


® The Railroad Gazette, September 18th, 1903, 


id 

4 

a if a given amount 4 

a 
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bar farther within the block will not be stressed. The resultant 
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the steel, although it would never occur in a reinforced — 
beam under actual working conditions, as there the stress is a 
_ gradually by the concrete acting on the bar, and the ends of the e 
are unstressed at all times. Ov this fact, however, ‘Table’ 


to the grip of ‘the concrete. obtains ranging 
‘ from 570 to 640 lb. per sq. in. b If experimental tests are of any 
value, an assumption of 250 Ib. per sq. in. for adhesion is certainly — 

conservative. This being the case, the statement made by the — 
author that the sum of the horizontal components of the stresses in 


‘the web members on each side of the center of the beam should be 
_ sufficient to develop the strength of the flange reinforcement, can — 
only be justified as economical practice on the ground that the bond ‘ = 
_ between the steel and the concrete below the neutral axis of the 
beam is unreliable. must also consider the ability of the con- 
crete to resist shear worthless. majority of engineers 


kk W. Schaub, M. Am. Soe. OE, talking before 
rods embedded in concrete with those made with concrete pats al-— 
§ pe ‘to set upon steel plates. He concluded that the adhesion be- 7 
= ie concrete and an embedded rod is due to two | causes. + The Rs. 
first is the formation of a slightly soluble silicate of iron having a 
-* cementitious value in tension of 22 Ib. per sq. in. _ The second is the x 
- gripping effect of the concrete due to shrinkage during setting, 
- which pushes particles of cement and sand into the minute uneven- _ 


a nesses of the surface of the bar. | The silicate of iron causes that 


portion of the adhesion found by Professor Hatt to be lost with the 7 a 
initial slip. Assuming either Hatt’s or Bauschinger’s values as ae 

 eorrect, all the silicate can be dissolved out of the concrete, or can .. ; 
attach itself to mill scale instead of to the steel itself without re- 


q The advocates of deformed bars advance the argument that the = 


lengthening of a bar under tension tends to decrease the diameter 
of the bar and thus relieve the grip of the concrete. Now, it is not 


| at all certain ‘ that the , lengthening of the bar within the elastic limit cot 


will cause a corresponding loss of diameter. Certainly, the ten- ot A 


= dency is to separate the molecules of steel feoming the bar, and it fa 


is hard to see how this } tendency can be transmitted from molecule _ 
to. molecule along ‘the ) length of the bar unless some ‘separation >. 


| 
proba Div exists to an extent - 
nt in tests made within tne elas limit 
imit of Mr.Noble 
— 
.—l 
steel bars of more than 275 Ib. per sq. in. 
ues varying from 636 to 756 lb. per s Professor Hatt finds 
by 
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_ Mr. Noble. . actually takes nce, B But, assuming that the diameter is reduced — 


would only be by of its original length. 
sponding reduction of area would mean that the reduced radius 
would be 0.99914 of its original length, thus reducing the radius of a | 
din. bar by 0.000215 in. and the radius of a 1-in. bar by 0.000430 in 
If it be assumed that the concrete grips the bar with a pressure of 
~ only 250 lb. per sq. in., and that the modulus of elasticity of concrete 
is 2400000, it would oly relieve the compression for a distance of 
2 in. from the | }-in. bar if the concrete should follow the ae a 
_ steel for the entire distance of 0.000215 in. Evidently, there is no : 
- danger that the reduction in diameter of the bar will cause + ae 
particles of the concrete to withdraw from the interstices of the q 
— refusal to recognize the shearing value of concrete can only | 
- arise from the belief that when the beam has taken an appreciable — 
deflection, so that | the concrete below the neutral axis has been 
4 separated by minute cracks, this shearing value disappears. us This — 
- is doubtless the case where such cracks occur, but, taking place as a 
_ they do at points where the steel i is stressed the highest, they occur _ 
4 at points . of lowest shear, and, even here, unless the steel is loaded to 
more than its elastic limit, do not go above the neutral axis of the 
beam. Even if the beam is designed for a concentrated moving load, | 
_ the concrete above the neutral axis near the middle of the span © 
_ would be as well able to take the maximum shear coming on it as : 


would the concrete in the full depth | of beam near the ends. 


Therefore, it would seem to be only | necessary to provide vertical 
reinforcement for shear in excess of that which can safely be eters - 
‘It is the writer’s belief that economical designs are best obtained ad 
by the use of a ‘comparatively large - number of small undeform med 
bars for horizontal reinforcement. This insures ample bond be- | 
a ‘tween the steel and the concrete for all but very short and deep — ‘ 
beams. As the ends of the beam are approached, the flange stresses 
_ become of relatively less importance, and these bars are then, one or 
_ two at a time, turned up at an angle of from 30 to 45° into the 


4 “concrete 2 and continued along the top of the beam to the ‘point x | 


4 support, where they bond into the wall or adjacent beam. They 
thus serve successively as positive-moment bars, shear bars, and 
: ‘negative-moment bars, meeting in each situation the greatest need 4 
the beam, and doing it always with a maximum of economy. 
“Mr. Kreuger. Kreucer, Assoc. M. Am. Soo. ©. E. (by letter)—Mr. Sewell q 
some very valuable suggestions for the design of reinforced 
concrete beams. The writer believes, however, ‘that until more 
7 eon knowledge of the properties of concrete is obtained, ae 
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DISCUSSION: REINFORCED | CONCRETE FLOOR SYSTEMS. = 
straight- -line formula is the most satisfactory one fe for computing Mr. Rreuger, 
There is hardly a prominent engineer in Europe or America. 
_ dealing with concrete who has not established a formula of his own, _ 
~ usually built upon an assumed variation in the stress- deformation | "ie 
curve of ' the concrete. The factors which influence this curve seem 
to be so many and of such a complex nature as to make hopeless nn . 
task of obtaining a result, true for all classes of concrete. While 
numerous observations as to the deformations of conevete ‘under 
compression have been made in Europe and America, the widely 
different results obtained tend to make them rather confusing, and, 
4 under these conditions, the author’s stress-strain curve seems to be 
The simplicity of the straight-line formula, and the fact hon it. 
is accepted for the building laws of many prominent cities, are 
factors greatly in its favor. 
of secondary importance to ‘establish the true atrene- strain curve of 
_ the concrete in compression, as all tests show that this curve is quite 
‘different from the stress-strain curve of the concrete subjected to 
This is not always clearly recognized, but the customary 
provision to calculate a higher value for bending compression than 
ze direct compression is an admission of, and an allowance for, the 
errors: of present method of computing reinforced concrete 


$ a Such ‘evidence ean also be found in the tests mentioned on 
"page 279 where the steel was pulled apart, though the percentage of 
} steel was more than twice the amount recommended in the table on jp Oe 
. If one insists upon computing concrete girders in a manner | 
perm to that used for steel beams, and if one maintains the 
assumption that the tensile strength of concrete should be = 
lected, the results of the bending tests executed on reinforced con- 
erete girders would lead to the assumption of a stress-strain curve. 
following closely a rectangle. The diagram for such a a curve would 
then have the appearance of Fig 
writer, however, believes that, until = 
more thorough tests have been made on this 
subject, the straight-line formula at present in 
is the most convenient way for calculating 


conclusions to which the author « comes, that for economical 
an as large a percentage of steel as the concrete will stand r 
should be used, and that no steel should be put into the upper flange, - 
q _ seem to be thoroughly sound, and are probably in conformity with — 
ihe experience of most designers, 


Regarding ‘T-beame, the: brings up ‘the question of 
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SYSTEMS. 
Mr, a . flange width which should be counted on. ‘The praxis on this point oe 
varies greatly. The building laws of several cities, notably Cleve- 
1. “Tt is s contrary to all authorities on this subject, however, to use such q ae 


= 


_ a large flange width, and the figure given by the author—three times 
: “the width of the beam—seems to be much more satisfactory. It is 
difficult, however, to see in what way the allowable flange width is 
ye influenced by the width of the , beam, and it would seem to be more 44 
correct to make it dependent upon the length of the span. Re 
certain cases where there is danger of buckling, the thickness of — a 
: om the slab may be the governing factor. It has been the writer’s 
praxis to allow a total flange width of one- -sixth of the of 
The system of web reinforcement “described by the author is a 
7 very interesting feature of the paper. - It may be said that the value — 
of web reinforcement has been “clearly established, and most note 
gineers agree upon this point. 
a Of the author’s final remarks, the writer considers No. 6 | 
ticularly worthy of attention. _If concrete girders were generally — 
~ ealculated as continuous, and the steel reinforcement arranged ac- — 
cordingly, a great saving could be made, and at the same time there 
Dan Ricuarp Dana, . Assoc. M. Am. ‘Soc. E Og letter).—The oe 
_ author has taken the longest step, so far, toward placing the design | 9 Ss 
3 concrete structures on a strictly scientific basis. . The mathemati- 
cal work is admirable, and the deductions, in - the main, seem to be 
accurate. The writer does n not entirely agree with the author in 
eo: the cost of steel at 3 cents per lb., as it would seem that — 
-. cents would be a closer figure, bringing the average value of 
p to 60. The author has designed his formula for ultimate strength. — 
_ The writer is of the o opinion that it is better practice - to design for 
1,—A very much smaller part of the stress- -strain curve is brought 
play, and to the stress-strain curve a close approximation may 
f ‘a be made e by : a a straight line, thus permitting the use of a straight- line e. 
factor of safety for concrete should, at. times, de- 
_ cidedly different from the factor of safety for steel in tension. oe 2 
_ a beam is designed on the basis of the point of failure of the steel 
14 and concrete, or on the basis of the point of failure of the steel, 
~ namely, the elastic limit of the steel, and a percentage, say, 80, of the — 


= 


_ a point of failure of the concrete when the beam is under vibratory _ 
- loads, the concrete will be working under a disadvantage, as com- 
« pared with the steel, and therefore the concrete will be overworked, 
ultimately in weakening t the beam. It would 
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seem to the writen, therefore, to be better practice to for Dana. 


The formula worked ‘out by the author is 

andi is the simplest one known to the writer, having regard to rigidity _ ee, 

> = reasoning. In beam formulas, however, the writer prefers to use = 
the method delevoped i in the last few years in France by Coignet, : 
Tedesco, and Maurel. _ The method replaces the steel in a section ‘. ro 

Ww mak a quantity of concrete equivalent to the area of the steel multi- at 

plied by The section, ‘thus reduced to a homogeneous one, is 
_teferred to a neutral axis passing through the center of gravity, and Pay 

the moment of inertia of the entire section is obtained on the basis hs " 


of the concrete alone. This method results in extremely simple 


rer sis of very complicated shapes. Tt is the only rapid method | 
known to the writer whereby a hollow section of irregular area, with 
various arrangements of can be caleulated accurately. 
The value of N, or the ratio between the coefficients of elasticity of 
steel and concrete, will, of course, vary for different conditions, and an 
it seems to the writer to be essential, in any general formula, that 7 
: N be chosen by the designer for the special conditions of practice, “aa 


’ and that it should be in shape to insert readily +i in the formula. a: 


- _ Concerning the question of web stresses, in the writer’s opinion, 


the concrete beam is analogous, not to a Pratt truss, or-to a Warren 

but rather to a Howe truss. While the method of reinforce- 

ment given by the author is unquestionably excellent, and will pro- 
a safe beam, it is believed by the writer that an equally safe 


and rather cheaper beam can be made with vertical stirrups spaced 
at distances equivalent to the depth between the centers of tension = 
and compression, with special attention paid to w to what i in a plate girder wr 

ner... ith the practical reasons, given Ww the author on pages 281 
and 282 for the use of stirrups or web members, the writer >: 
concurs, except in the argument based on the reconstruction of such 
in Where the heat from the fire has been si so great as 


_ The ‘thanks of the engineering profession, as well as 
A. P. Am. Bos. ©. E. (by letter). —While the ‘Mr. Turner. 
writer has designed a great many buildings of reinforced a er 


and while, in every case where his instructions have been carried pam 
out, work has been stronger than 
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even if the concrete were replaced, the beam would probably 
anvthing like its original strenoth varticularly if cold-drawn &§ 


98 ee: REINFORCED CONCRETE FLOOR SYSTEMS. 
Mr. Turner. will frankly state that though he has been able to. design 
and satisfactory work at a low cost for construction, he regards it | 
as impossible in the present embryonic state of knowledge of the 4 
. Properties of reinforced concrete to attempt successfully anything © = 


approaching: valuable general ‘mathematical and in- 


starts 0 out with an assumed premise, then to | 
n his sum- — 


_ The author’s assumptions will be taken up in detail, in 1 order to 
arrive at the value of his conclusions. First, he asserts that no P a 
a extensive system of concrete floors can be economically designed 4 ‘ 
- ‘De without the use of rolled-steel beams or concrete ribs. Now, the — 
writer’s experience, in paying the cost of this work in labor and al ‘a 
 abialiae 8 is that where the panels are not greater than 25 ft. square, — 4 a. 
i _ for a guaranteed test load of 200 or 300 Ib. per ‘84. ft. over the full | 
area, a ab without ribs costs Jess than | one with ribs. 


- construction. Furthermore, it can n be put up at less cost without ; 
the ribs, and will require | less metal , as the load will travel more ui ea 
die to the supports, instead of | around a corner, as in the case » a 
where beams are used. tae This method of construction is outlined in 
ce. - Now, floor slabs are made anywhere from 5 to 25 ft. in span, ss 
and, on this basis, can a discussion, « of the economic relations of the 5 
slab and ribs, which starts out by assuming a constant value for the 
i = of the slab be regarded logically as of any value whatever? 
Aside from this little the author fails to realize that if 


is not fixed by the in canes, but by questions of 
‘a economy only, ane must appear in the discussion, if it be of any prac- — 


a 
— 
: systems. This statement is made in fairness to Mr. Sewell in or 
such criticism as the writer offers may be better understood, 
that such theories as are presented with the criticism will be 
—_ j- accepted in their true light, as a merely suggested explanation of a e 
q after all, based on the assumed premise rather than on fact. This a a 
seems to the writer to be the basis of the author’s expressed belief 
i that. in his short discussion. he has brought out the real principles 
— 
— 
— 
columns at 16-ft. centers, with a floor of 74-in. rough slabs, using no 
= 
assumes as @ constant, is in reality a very variable one, Again, the 
— 


D CON 


Pre two, this item enters into the Prater if it be complete, 
Now, in any physical research, a mathematical theory is of 
only as it agrees with and explains the results of practical rae = 
ment, and, if the author’s theory is tenable, as a general basis of 
~4 economic design, it should fairly ae the results and facts de- ia 
veloped in the course of practical | work  T ake, for example, the 


am AND FLOOR SLAB ONLY - NO BEAMS 


SECTION 


centers” each the ‘at an average “of in. from the 

~ bottom of the slab. As these rods were kept close to the bottom 
q a right through, they could not be considered as reinforcing the slab e 
over the beams on the top or tension side, as would be considered in 


— 
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4 or system is but a part. of the whole, and, as the same load can be mr. rananes 7 Pee 

| 

| 

floor slabs illustrated in Plate XXIII 
which the seh wee Ki in thick with tin of 
— 


: 


Mr. Tarner, just over the top of the beams and were hooked at the end. A test 
Pi load of cement in sacks of approximately 900 Ib. per sq. ft. was _ 
applied to the slab and kept inside the beam lines so as to give a D 
on the slab. The strip filling was a very weak 
. _ mixture of lime, cement, and sand, so that it could have added little 4 
to the strength. Disregarding the strip filling and calculating the . 
os _ moment at § W ZL, or, what is probably more nearly correct, 75 W i. 
; in the present case, distributed equally between the two systems of 
MUSHROOM SYSTEM OF CONSTRUCTION. 
COLUMNS AND FLOOR SLA 
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ves, in the author’s formula: 
X 12 in. X 40000 = 50 760 in-lb. for ultimate 

Now, the moment of the load, M= ys (450 K 15) 
i : 2 = 129 600 in-lb.; in other words, the moment of the applied load is ie 

9.6 times the yield point value of the steel, as indicated by the au- 
thor’s formula, leaving the dead weight to care for itself, or be 
earried by the cement. The actual deflection of the slab, under the | 
test load at the center, was only yy in., and it would require a de- 
flection of 14 in., at least, even to crack such a slab. From this — 


f =, 
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: REINF ORCED CONCRETE FLOOR SYSTEMS. 301. 
fact, it is a fair inference that the strength of the construction was Mr. Turner. ~ he 
H - at least from 700 to 800% of what might be expected from the author’s _ 
a economic theory; and either excessively strong concrete is being — 
c made or the author’s theory is very weak indeed. It should be 
¥ noted that the concrete tested was only about 7 weeks old , and, 
probably had not developed more than 10% of its ultimate | strength, 7 
due to the slow drying at that season of the year; further, that -_—* 
deflection of the beams was +5 in., leaving az in. deflection of the 


Mr. Marsh, in his work on concrete, Part weites 


wee my ‘be that we are wrong from the commencement in at- 
tempting to treat it (reinforced concrete) after the manner of 7 
structural ironwork. * * * The molecular theory, i. ¢., the pre- 
vention of molecular ‘deformation by supplying resistances of the — 
reverse kind to stresses on small particles, may prove to be the true 
method of treatment for a as concrete 


metal. 


mer 


It seems to the the difficulty with. the author’s 3 
‘a oo is in the fact that he is endeavoring to treat the dual material, - 
Mr. Marsh says, after the manner of structural ironwork. He prac- 
tically starts out with the assumption that the concrete can be — 
- economically reinforced in one direction only, or assumes, following He, 
certain other writers, that where the reinforcement is applied in 
or more> directions, the same treatment holds ; and that 
stress has only to be divided between the various systems, and that — 
their joint action can be legitimately ignored. 
~ Glancing now at Fig. 10, the following facts appear in . evidence ~ 
under any bending of the slab: The rods, aa and bb, the reinforce-_ 
ment, are in tension and along the the diagonal lines; dd, the lower 
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Mr. Turner. fibers, are in tension. Now, these forces must be balanced by 


the center 
ingly be carried largely by lateral Fig. 11. 
_ Again, there is little exact knowledge as to how great an ian: | 


in strength may be obtained under the conditions that one com- es 
om pressive stress tends to balance the deformation of another. . M. | 
Considére’s researches have thrown some light on this, and are, , per- 
haps, an indication as to what may be accomplished along anal-— 
ogous lines. _ It may well be that the expert physicist may be able 


= 


Next the question of shear and bars with 
web members, or their equivalent, which the author seems to fancy ; 
because of his assumptions of an analogy between a concrete beam p 
E., these bere a strength of 87%, of that of plain bers 
of equivalent section, and, in view of their irregular shape, rough- ae : 
sheared and nicked section, it is surprising that they did even as ¥ 


well as that. That good results have certainly been obtained with a 
cannot be disputed, nevertheless, 60% of the strength = 


plain round bars and ‘good work pass 


As regards the use of shear members, the writer’s saduiia 
- would indicate that better results may be obtained without them, 
a ‘tl by simply tying in the skin of the beam or rib with a net. . 

; a idea of having the flange reinforcement all in the bottom of the — 
beam, except at the center, is certainly rarely followed by those fa- s 4 
—— practical work, and the author’s remarks, based on the yg 
the is true, and his conclusions regarding 
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electric means, as the writer has succeeded in doing in steel. For 
— srete of sand and cement only might sim- 
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“fire -proof standpoint, are not substantiated. 


Comparing the construction by the the at- 
tached web member bar with construction where plain bars are used, 
and referring to the warehouse of the Farwell, Ozmun, Kirk Com- 
q _ pany at St. Paul as a typical example of the former type, and the he 
_ Warehouse of the Minneapolis Paper Company as an example of the 
the following tests offer a practical method of judging these 7 
In the saaehaaes of the Farwell, Ozmun, Kirk Company, — 
= the panel tested, the columns were at 13-ft. centers along the , 
main girders, and at 16- ft. centers along the carrying beams, which 
"were spaced at 5.5 to 6.5-ft. centers, and the slabs were about 7 in. — 
thick. The test load wa was 78 tons of | pig iron over one beam, which © 
caused a deflection of sz in. In the warehouse of the Minneapolis 
oe. Paper Company the panels were 15 ft. 4 in. by 21 ft. 6 in.; the > 
_ slabs were 64 in. thick, over the full panel, with 1 in. of strip filling 
made of weak mortar ; the reinforcement was §- in. round rods, — 
r spaced at an average . of 6 in. from center to center each way; the 
beams ran from column to column in each direction only; the test — : 7 


load was 110 tons (shear load) on the slab, and, later, 50 tons were 
>, _ added to’ test a 12 by 16-in. beam with 21 ft. 6 in. span. The slab 
reaction. on the beam would be approximately 70 tons. The deflec- 
= of the beam was practically inappreciable. Now, if, as see 
noted, g-in. rods with an average centering of 6 in. can carry on i. 
2 a 64-in. slab 110 tons to the beams, at 15 ft. 4-in. and 21 ft. 6-in. 
centers, the floor slab in the St. Paul warehouse, if the attached 
web member bar is | any good, ought to distribute the load over at 
least three beams, so that this test was a little greater than the load | = 
the floor was designed to carry—500 lb. per sq. ft.—while, in the case 
of the plain bar design, there was double the load, and on a span > 
one- third longer than that of the building of the Farwell, 
There | seems to have been in the slab approxi- 
hea an = eunel weight of metal reinforcement pe per square foot in 
each case, and also per linear foot in the beam, though, in the plain 


rod design, the clear span of the slab was nearly three times as great, 


in span. pon a showing, the attached web bar would 
be entitled to rather a scant consideration, if this illustration isa __ 
fair one. Figs. 1 and 2, Plate XXIV, show some tests at the ware- _ : 
house of the Minneapolis Paper Company. 
A The basis of the author’s belief in the web member bar or its 
equivalent will now be examined critically. He states that he ana- 
f te the web stresses by analogy with a Pratt truss, and, later, at the | 
“— ee College, further study made it apparent that the double- inter- 
_ section Warren girder was a better analogy. Admitting, for the 
of argument, that it is permissible to to valuable 
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Mr. Turner. ‘im truss construction relative to reinforced concrete beams, 
cording” to. ‘the author’s belief, the Pratt truss was a ‘good analogy 

and the double Warren girder a better one, but, if an opinion is to 

be formed in this questionable way, engineers should obtain the — 
best possible analogy. Taking the author’s example, the case 

‘a the gate load, and considering an analogy with ¢ an are: 


14 sive, and the curved iahinmenia seems to be ideal in this sen 
doing away with his multiplicity of oe small and bother- 


‘This it will be noted, is for uniform loads. There 
salen. therefore, to treat any combination of live loads in a simi- 

lar manner for the simple beam. Still proceeding on the quthor’s 
7 Bee recommendation of a constant tension chord section, as the com-— 


pression | chord of -conerete constant, one should seemingly 
ug ook for a suitable analogy i in that type of truss which economically — i 


web members, while complying with the 


above fixed conditions, and this type is sii emeaaba in the | 

- Bollman truss. While, in steel construction, the conditions noted he 
“bar it from economical use, with these fixed, it possesses quite a 
_ marked advantage over reinforcement planned on the Warren girder 
» order, combined with | a dissemination of steel through | the concrete 


and ease in placing it that should be apparent to those having prac- a 


tical experience in this lime, 


Ano example of the failure of the theory as applied to a slab = 
which is nearly square has been given, and now the author’s formula 
will be applied to the rectangular slab tested at the warehouse of 


the Minneapolis Paper Company, 21 ft. 6 in. by 15 ft. 4 in., from — a 


center to center, beams 12 in. w ide, load 860 lb. per ed a ft, dieteib> 
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DISCUSSION: REINFORCED CONCRETE FLOOR ‘SYSTEMS. ‘al 
‘Using Mr. Dunn’s well-k -known formula for Mr. ‘Turner. 
being breadth, and L length of slab . Therefore: 


x1 5x 08 = = 12 000 ft- Ib. = 900 in-Ib.; 


= 0.846 x 4.5 (0.44) 67 000 in-lb. 
“the strength, we have tested it to 2.2 times 
this amount with a deflection of yg55 of the span, and could cer- © 
. tainly apply more than 3 times this load before final failure. Tt 
_ should be noted that the value of a used is the average section, the 
_ bars being spaced closer together at the center of the slab, in this 


design, is taken as double for the of the rods 


"hen consider the question of the character of the test. Was 
7 - the loading such that the conclusions are warranted? Was there _ 
, any considerable arching, and to what extent could the surrounding 
; construction distribute t the load? - When the ratio of the depth of 
the slab to its span is only 1 to 8 or 10, as in the building of the 
Farwell, Ozmun, Kirk Company, the slab can distribute a very ma- — 
uO terial part of the load over adjacent beams, but where this ratio 
increases from 1 to 8 or 10 to 1 to 25 or 35, the stiffness being ap- 4 
‘Proximately as the cube of the span, this amount would be but i 
to 5 of the former, where the ratio is only 1 to 8 or 10, perhaps 
from 23 to 4%, calculating this action in the former St. 
Paul test, as great ‘as 60 per cent. 
Now, as to the question of the arching of the load Shien: siciiae: to 
beam, and reducing the load carried by the slab, it may be stated ¥ 
that the sacks were piled with especial reference to reducing this — 
action toa minimum. With a deflection so small, this action, in any 
~ ease, would be slight, perhaps reducing the calculated moment less — 
than from 5 to 8%, which might be estimated for a sand or grain 


a similar to loads that would be applied in use in the building, and 
that the slab load was piled inside the beam lines to give a straight 
shear load on the slab. Again, tests have been made on slabs with 


os white lead in kegs, piled so that there was no arching, and the cal- 
culated strength, by the formula noted, did not agree 
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Referring now to the author’s conclusions as to the economic 
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Mr. Turner relation of the cost of the concrete and steel, ‘ektibiie. in this case 


ee a plate girder for analogy, it is considered conservative to disregard — 
web resistance to bending i in a plate girder, just as the con- 


is disregarded. Now, according to general practice, it is calcu- es 
lated that the compression flange should equal the tension flange - 
in cost, that the section of the flanges and consequent cost decreases — 
_ with the increase in depth, and, by principles of maxima | and min- a 
ima, one ordinarily tries to prove the total cost a minimum when 
the costs of the web and flanges are equal. 


- ‘* Now, vary the problem by making the tension flange of a special 


as before, and write the’ moment equation thus: + 
in n which he d= = the lever 3 arm, or area, a, of the ethene flange, ogee 


1, —The special of st steel i in bottom flange; 


2.—The common steel in the web and top flange. aa 
Now let p represent the ratio of the unit costs of the two eiitin 
of steel and let x equal a quantity proportional to the sum of the > 


costs of the variable elements, and substitute for a ‘in this equation es 


al method that the total cost is ‘ ‘minimum when the cost of the — 
_ steel in the bottom flange equals the cost of the other three-quarters _ 


of the girder, that is, the common steel web and top flange. It __ 


should be noted that the assumed variation of the web and compres- 


sion flange with the depth is- | identical with that assumed by the @ 


author in the case of the concrete beam. oe Rage. 
Taking the first slab illustrated, reducing the concrete, ‘and 
creasing the steel until the cost of each is equal, 34 in. is obtained — 
as the depth of the concrete over th the steel, and this on a span of ; 
16 ft. 8 in. from center to center. = As the steel is medium, h, ac- 
cording to the author’s determination, equals 0.85, so that the 
effective depth, h d, equals 3.5 X 0.85 = 2.97 in., and the ratio of — 
a depth to span is as 1 to 65 . These would seem to be 1 rather attenu- a 
ated dimensions to support a load of 900 Ib. per sq. ft.; strangely — 
7 - enough, there does not seem to be an excessive percentage of steel, 
2 judged by his standards. Again, take the case of a simple beam 
10 in. wide and 15 in. deep, the cost of the concrete above the steel 
is 22 cents, and 22 cents’ worth of steel at 1} cents per lb. in ne 
for plain bars equals 123 or 3.75 sq. in, ‘This ‘corresponds 
75% reinforcement, nearly twice the maximum percentage neces- 
sary toc develop the ‘strength of the concrete by the author’s computa- : 


Creve LOC Web Tesistance OF tne concrete below the neutral | 
— 
a 
= 
— 
— 
— 
= 
& 
4 
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can see but Mr. Turner. 


seem ‘to be very attractive. This commendable 
of the theory, combined with its apparent plausibility, would —— 
- deceive anyone failing to note the confusion of constants and vari- 
ables involved in the assumptions on which it is based. 
‘The writer will now examine the assumptions under which the 
value” of h was determined a constant, and see how the author pro- 
ceeds to fill + Baek conditions in his economic theory. These con- — 
_ ditions are that the steel and concrete are each worked to a definite _ 
: and constant allowable limit. Now, in his economic theory, he pro- 
poses to vary d and a to balance a constant moment, M, but, arbi- 
_trarily, to keep h and b constants. The writer will start with 
depth less than the economic depth and double it, and note at these _ 
a extremes, under the author’s assumptions, the variation of the work- 


stress of the concrete. For the shallow beam, the concrete can 


doubled, ‘the total co compressive stress on (the 

concrete) is cut in two, b and A remaining constant; by the author’s 

economic theory, the area carrying this stress is pho 
the working unit stress for the conenete, in the second case, only — 


8 assumptions, he compares thee economic of the steel 

: and the concrete on the basis of a rational and fixed working stress __ 
for the steel and, as it happens, an actual variable (within the nar- ae 
row limits of 300 or 400%) working stress for the concrete. This 

a _ appears to be rather severe | on the concrete, : as indicated by ‘the p prac- 


: 


= is an extremely contain one as involved i in the equations from which bi 
he essays to draw his conclusions. = 

writer, in his remarks, thus far, has not "questioned 
Pe $ assumption of a constant section of reinforcement, from the nal 
economic standpoint. Now, for a simple beam, where the moment 
varies from zero at the end to 4 W L at the center, the need of the ba 
maximum section for the full length is not apparent. Tn the Moul- — a 
Boe . ton Jordon garage there were some short-span girders of reinforced ua 
Beeaegine 42 ft. from out to out, in which the writer considered that 


— 

little opportunity for the use of this economic theory, from ll 

< _standpoint of the vendor of reinforcement, if he can but convince = g§g —i™— 

— 

— 

— 

— 

— 

q 

a — 

ical example Slap. pon such Dasis OF Computation, 1t 1s 

[hardly surprising that the author concludes that his theoretical 

econom , based on relative costs, is not attainable. He also notes — 

ef _ that his discussion of minimum cost does not contain the ratio bee — 

tween the allowable maximum stresses in the two materials, but fails 

— 


DISCUSSION "REINFORCED ( CONCRETE ‘FLOOR SYSTEMS. 


as would if they had been steel. This saving, 
“of course, would increase largely with the increase in span. PEs 
In ordinary floor systems, however, there is the general problem o 
ii a series of spans, and the question of the relative economy of con- 
tinuous versus simple beams at once arises. As it is mala. 
to vary the section of concrete along the length of the beam, and = 
_ as the maximum moment for the continuous beam for a uniform 
: load is approximately only two-thirds of that for the simple beam 
(calculating for an intermediate span), the continuous construction ie 
_ should result in a material saving in concrete. 22 
aa Considering now the steel reinforcement: : The moment at ed 


ei support is double that at the center of the : span, an 


from the tension flange at the center to the 
at the Support and into the next beam, there would be 


Ss thirds the section for the remainder that would be required for 
the simple beam construction, or half the metal required in the 
simple beam with constant section of reinforcement. With this 

arrangement, there is the condition that the maximum flange rein- 
- forcement is ‘required at the point ; of maximum shear, that the 
moment decreases rapidly from the support toward the point of — 

contra- flexure, allowing this main reinforcement 

downward without weakening construction, thus. placing the 


a main section of metal in a position to carry the | entire shearing 


4 3 


strain, without counting on the concrete or depending on the ll 
Gamble amount of adhesion that may be obtained between the con- : 
i crete and small and stubby web members, 
This | simple bend in the bars gives them an 
concrete which, from the writer’s experience, appears to ‘discount 
- form of nicked-section mechanical bond yet invented. ae 
Owing to the fact that the moment at the center is only half 
- that at the support, the question of reducing the concrete further by 
sa reinforcement of both flanges at the support, for part | of the length a 
only, should be considered, if the economic complete. 
‘This method is followed by the writer. 


work, in one instance, executed an incompetent contractor, 


- 


- of distortion a connection of this character would | stand, ‘and he was id : 
- = a little surprised to be forced to conclude that it could stand, if the 
anything, as great an amount of distortion, without material in- 
= as could be expected from a structural steel frame with stand- 
ard riveted connections of the web of the beams to the columns. 


as 


Such reinforcement is more satisfactory from the s means of re-— 
Sistance to lateral or : 


— 
— 
— 
4 
a 
— 
= 
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is in strength; and any method of placing it piecemeal, as as 
by the author to be done frequently, cannot be too strongly con- 
demned. The « cement is that part of the composite material which | 
gives it its strength, and, to the largest extent, its fire-proof prop- 

erties, and anyone who possesses the temerity to follow the author’s 

whether with the attached web member bar or any y other, i is, in the _ 
Writer's judgment, industriously looking for trouble rather than 

ae In conclusion, it is safe to assert that no one has a higher respect ; 

_ for true theoretical economy than the busy engineer of, construction. qr : 
- This brand of theoretical economy is attainable, and is based ona Es 

complete and accurate statement of all the facts entering into the 

problem. That brand which is not attainable, he immediately con- 

cludes, i is based either on an 1 incomplete and defective sta statement 


is one in Sewell’s paper te. which the writer to 


attention as not being quite correct. 7 ae oy 


“a The author takes the depth of the axis of the horizontal rein-— 


: 7 7 forcement below the top of the beam as a basis for his shear com- 


7 -putation, instead of the depth of that axis below the resultant | or 
centroid of the compressive forces. 
The following proposition is true of all beams: ae 
The total shear on any one cross-section of a beam is ee to the 
7 “average unit shear at the neutral axis, multiplied by the width of _ 
the beam at the neutral axis, multiplied by the distance between 


the resultant of the compressive forces due to the bending moment 


re the total shear on the cross-section ; 


ho = the width of the beam at the neutral axis; — Kew 
f= = the distance between the resultants of the emngecntine 
The demonstration of this proposition is as follows: Z 


R the resultant of “this ‘stress on each side do of the 


‘neutral axis; af 


the bending ements and 


— 
| 
bed 
a 
4 | 
— 
a 
— 
en the distance trom the neutral axis to the extreme 
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onson, 


~ ‘Iti is known that the shear at the ‘neutral axis is equal to the first - 
differential coefficient of the total ‘stress: due to the 


ad 
8b b= 


.. (II 
= It is also known that the total shear on the cross- -section is is eyes 
to the first differential ‘coefficient of the bending moment. 


And, since M = R 


is ‘Bys substitution, 
2, 
The formula for the unit shear in in a reinforced concrete 
beam w ill then be: 


(VID 
for the on the 45° diagonal reinforce 

eems to the writer that a sharp bend at the junction of the 
and longitudinal reinforcements should be avoided, as it 
tends to produce an excessive compressive stress in the concrete at M 
that point; and that a round bend would be better. If 1000 lb. is 
allowed on the concrete and 16 000 lb. on 1 the steel, the radius of = “i 


the area of the diagonal, and n = the Ww idth a ‘the 
same. For round rods, this would make tone 


Where d = the diameter of the rod. pea 


In this case, however, the stress in the diagonal would 7 about 


40% greater at the lower end of the bend than at its upper | end, so 


— 
— 
— A 
il ; 
— 
J 
| 

a 
— 
| 
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‘DISCUSSION 


the stress in “45° in one unit of 
Lronarp “Wason, M. Am. Soc. E. (by letter).- —The writer Mr. Waso 
7 was considering the submission of a paper intended to draw out a 
- discussion leading to the adoption of a simple formula for general 
use in designing reinforced concrete beams, when Captain Sewell’s 
‘paper | appeared, therefore this discussion is submitted partly as a oh 
_ diseussion of his paper, instead of as an independent paper. Its : 
object i is to show that sufficient data are now available to determine 
an accurate formula (accurate within allowable limits of variation) 
for general use in designing beams of rectangular or T-section, 
and to emphasize the fact that the best results are obtained by solv- 
ing for | the working instead of the ultimate strength. Therefore this — 
is not exclusively a discussion of Captain Sewell’s paper. It is — 
hoped that all those whose pelt are compared herein, and many — 
others, will contribute to the discussion. There are probably at 
least ten formulas in use besides those mentioned. ‘The writer has 
discussed the subject chiefly from its commercial aspect, and has 
purposely omitted the more technical points relating to the dis- — 
agreement in results, leaving these to be discussed by the  * 


= 


who are much better able to do 
The need of a generally accepted method has been forced upon 

the writer through competition. Ih several cases where architects _ 

spans and floor loads, and have left the design en- 


“accompanied by and, later, the ‘designs have been 


= for review by a consulting engineer, the cost has been Swan 
increased by more than 10%, due solely to a difference in the for- __ 
7 _ By reference to Table 2, a summary table of comparison, 
3 it will be seen . that if the work had been designed by 1 the method 
proposed by the writer, and submitted to an engineer to be a 
o = by the author’s formula, the cost would have been appreciably in- 
z=  ereased, because of the much lower moment of resistance for the 
section of beam. Yet structures costing many millions of 
dollars have been designed by the formula proposed, competition has eae 
proved it economical, and the experience of fifteen years has proved nu 
it to be safe. There is a general and simple method for designing 
wooden and steel beams; why should there not be one for rein- 


The form of Equation 0, of Captain Sewell’ 


i 

— 

» 

4 

— 

— 

— 

4 

é 

— 
a 

— 

“in 


7 based on different assumptions, all of which, from | certain experi 
me 
- ments, appear to have solid foundations. All are based on the sam 
1,—Alll tension is carried by the steel; 
a 2.—All compression is carried by the concrete; , K ibs 
3 3,—There is a perfect bond or union between the steel a 
eonerete within the limits of the stresses used; 


4.—The effects of shear are omitted, and failure is dew to 


only; 

—There are no initial strains, and the same examples solved 

by each, using the | ‘same . constants, ought to give re- 
sults directly comparable. 

he formulas of various writers are reduced to the same a EB ¥ 
ane and two examples (one a beam and the other a slab) are solved, : 
first, using the same constants for all; secondly, using the constants — 


proposed by each individual writer. The results are summarized in 


Assume a rectangular beam: span, 14 ft.; width, 12 in. ; depth to 
center of reinforcement, 12 in.; total depth, 134 in. Find the maxi- 
mum moment of resistance, Toad ad uniformly distributed, area of steel, cof 


- Assume, also, a flat slab: span, 8 ft v width, 12 in.; depth, 43 in.; _ 
depth to center of reinforcement, 4 in. Find the ultimate moment = 
of waletenen, load, area of steel, and position of neutral axis. 


or CoNSTANTS, A AND or SYMBOLS. 
Broken- stone concrete. ‘Mixture 1: 1:3:6, Age 3 30 days. 


=k, = = modulus at working 3 000 000 


ultimate compression in concrete......... 


ultimate tension in concrete 
elastic limit of steel. 


working stress in concrete compression... 
moment of resistance of section of beam, in inch- pounds; 


= total uniformly distributed load on beam, in 2 pounds; 


= modulus 1s of elasticity o of steel; Ree erie 


‘ies stress in in tension per unit of area; 


= ones in outer fiber of concrete, in pounds per unit 


= tension in outer fiber of concrete, in pounds per unit a aren; 


4 

— 
&§ q 

: 
4 
— 
€ 
A= 500 

| 
ig 
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Mr. Wason. 
Wy 


6 


Y, V, e, See Fig. 13; 
w are ratios of d or h; 
== span of beam, in inches; ae. 


o= distance from top 0 of beam to center | of gravity of omni 


‘4 —The formula proposed by the writer is quite simple, and ex- 


_ perience has proved that structures designed by it will carry their 
-caleulated load with the desired factor of safety. It assumes the 
neutral ax axis half way from the top p of the beam to the center of the 
- steel, and the center of gravity of the compressive stress at one- 
_ third of the depth from the top to the neutral axis; the compression 
area is confined to the upper third of the beam. $ The elastic theory 
t steel and concrete, , and by seeing that the a areas of each are > sufficient 
for the stresses used.* _ 


eam at its ends and uniformly loaded. 

In any given case, the load and span are known. Select a con- 


om venient figure for the depth of the beam or ‘the stress in the steel, 


~ solve for the other unknown quantity. 


4- 
* — 
fs 
— 
— 
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Example o of 
19X18 X 000 _ 
A= = 1.5 sq. in.; 
Bf, 8X 16 000 © 


= 
750 000 X 
— 


“3 X 16 


X 4 X 50.000 X 0.5 = 88 


K. Hatt, Assoc. as an elab- 


orate formula for flexure.* Tn ‘the Senn ‘hee 4 given, it applies to 


rectangular beams which do not fail by shearing. The stresses in 

the concrete are assumed to follow a parabolic curve. The formula — 
gives the load at the first visible crack in the concrete on the tension - 
side. This load, according to tests by F Professor Hatt, is about 20% r4 
Jess than that of ultimate failure. 


Let z = the distance from the ‘compression face to the : 


== the distance from the compression face to the center 
of gravity of the reinforcement; 
, = the ratio of the area of the steel to that of the total a 
cross-section of the beam; 
= stress at the elastic limit of the 
- and u are in the control of the designer; n is fixed for the given — 


materials and working stresses. 
7 __ sa a crack has formed, the neutral axis is located by the for- 3 


ce. + pf(u — 2) |; 

: - or, in a simpler form, when the expression in the bracket i is repre- a 
sented by the constant, KK, 

Engineering News, 27th and July 27th, 1902; Journal of the Western 


— 
= 
4 
— 
— 
4 


given conditions, a table is for aplify Mr. Wason. 
the application of the formula; or diagrams of the equation may be Mi 
made and used. Professor Hatt states that, in his judgment, one- _ Ae 
third of the amount at the first crack is the safe working al 
i 3 of resistance. This ‘onus give a factor of — on the ultimate 7 


30 000 000. ( 0.9 


0092 
“000 0 000° 
0092 x 000 9 870; 


2X 0.2 


A (assumed) = = 0.5; p,u and z, same as 


88 440 ; 


= 
= 0.345, ems 000. 
M = 775 226 + 
36 915. 
3.—Edwin Thacher, Am. Soe. C. 
formula. In the form here given, it is modified to to any 
‘width, b, , of beam instead of a beam 1 in. . wide. ere 


= the stress per square inch on on the steel, the gross area = 
the ultimate ‘square inch of the test piece + 10765 


— 
— 

q 

(assumed) = 1.5 sq. in. = 

9 — 0.29 i¢ = 

a 

g 

— 


E 


: for a load uniformly distributed. — 
‘To design a beam, assume values of E, b and d. For 
a other s systems of loading or of support, the coefficients in the equations — 


for M and W, outside the brac ket, w ould change. 


~ 2000 55 


+ 
- 3 000 000 


2 000 (50 000)? 3 000 000 
2000 2.000 “* 30 000 000 
»..F3000000.. 3.4383... 


2 82 7 


445-4995 

W = 

y= 286; 114; A= 49.500; 

Mr. Thacher’s units: 


= 1 220 000; ¢ = 2 050; f = 64 000 10%; 
Ss 
M = 30.62 X 12 X 12 = 634 936; 


30-000 004 100 = 7.01; 
00 000 


of from 1 000 to 2 000 Ib. per 
— 

: 
— 
57; M = 70548; W=5879. 


| 


q 


DISCUSSION: 
/4.—William H. Burr, M. Am. giv es os these formulas * Mr. Wason 
r™ rectangular beams for the special case hen the tension in the _ 
concrete is and the steel is on the tension side 
¢= 


of Beam: 
*=— 300000 X12 + 2X 1.25 X12 = 4.37; 

=~ 3 000 000 X 12 Ph 
X 4.37 30 000 000 X 1.5 

View 


w= 26204. 


=5 137. 
Professor Burs ites 
; 2 = 4.38; M = 855 879; W= 40 756. ie 
M= 95 480; 7 957. 


2 x 50 000 X 3 000 000 
= 3X2 000 X 30 000 000” 


7.50; 
4 2000 X 
35; 


20 50 () 


~ 
= 

— 

Example 


= 50 000 X 1.35 


 W=33750. 


y= 
78 750 ; Ww = 6563. 


=172¢ 41; A=0.0195 ba 


29000000; y= 
M = 2750 ba? = 1800; W= 


== 1.47 ; A = M= 71 280; W=5 940. 
 6,—J. Kahn , Assoc. M . Am. Soc., C. E., uses a compressive area 
different from that used by. any y other ‘writer. See Fig. 14. 
f= = the ultimate tensile stress in the steel 


b never er ne Tess 


eam : 
x 1.5 + 12: x 


Examy le of Beam : 


- 


TA+5 = 710 950; 


A (assumed) = 0.5 y=180; M=79 375; W= az 6 614, 


A (assumed) = = = 1. 5 y= 26 ; 
X 674 +5. 


a 


8 467. 


| 


Ww is case the of concrete : 


= ratio of area of metal reinforcement to area 
above center of reinforcement ; 


7 * Engineering Record, August 13th, 1904; and Journal of Western Society of En- 


818 DISCUSSION: REINFORCED CONCRETE FLOOR SYSTEMS; 

a 

of 

— 
ta: @ 


piscusston REINFORCED CONCRETE, “FLOOR SYSTEMS. 


2p pr n. 
I—} 
—Af(d 


“The solution of the values of z v for smaller then the 
ultimate is somewhat complicated. How ever, using the values of z 


obtained by tests of 1:3:6 concrete beams, the ‘ 


i is a simple and conv form to 


Example oj of Beam: 


A = 


= 
Example of Slab: 


W= = 
Pr rofessor Talbot’s units: ‘on 
£E, = initial 2.000 000; n = 15; 
Y —2. VE M= 1.5 X 50 000 X 9.83 = 737 250; W = 35 107. 
0.72; M = 82 000; W = 


rea u under curve = 0.5 57 c, & = 0.456 ca; 
> 


— 
we 5 X 50 000 X (12 — * 

| 
0.488; 


‘ 
EIN FORC ‘ED CONCRETE FLOOR sy STEMS. 
™ Wason. of Beam: 
3.125 
8 x 2 “000 x 30 000 
om 9.09; w= 10.95; 


9 2.¢ 
56 X 12 XK 2 000 XK 2 91 


— M = 0.292 X 12 x2 2 000 x 2 2 ori 0.637 X 50 0000 X 9.06 09 = 34 


Example of Slab : 


+ 0.212 X 50 000 X 3.03 = 


Captain Sew vell’s 8 units 


_ 0.456 X 12 X3 
Me +148 X 45 000 7.2 = 6748705, 


y= ; Aa! = 0.486 ; 
12 500 X 1.6? + 0.486 X 45 000 X 2.4 = 
. D. Warren has written a handbook * on reinforced 
~ conerete, | in w hich there are a great many tables. In ‘order todeter- 
mine their value, the formulas based on the method of a 
a iB. Johnson, M. Am. Soc. oC. E., published in Engineering News 
- ae 1895, is submitted for review. An area of conerete equal to ten Gg ‘ 
times the area of the steel is put in the > game plane. a The moment nt of _ 
inertia of this. section is found, and the location of the 
Axis, 


wed 
= working moment, factor of 


Preliminary step to find stressin 


in concrete; with 


factor of safety of 3.5 ¢ and ¢ = aa r 


— 
— 
— 
4 a 
— 3 a 

; 4 — 
4 | 
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step | to find area of Mr. W 


MM 


be from 1.5 to 2.0 


the center of gravity of the 


- Transp se this area of steel into an area of concrete, and solve for 
the moment of inertia and the position of the neutral axis, , neglecting — 
the area of the concrete below the plane of the steel. If the neutral axis — 


differs materially 1 from 5 to2 2.0 below the of use this 


value to h in A w ith. new 
_ value again solve for A 


crete in compression. 
Example of Beam: 

M, _ when | c= 2 2 000; 


= 83.33 b — 83.33 X 12? =1. 1440 000, 00, working load; 
= 144 000 X 3.5 = 504 000, ultimate load; 


= 50 000 X Ts 
Assume 


[BH—h(B— =- lem. 


5 X 344 12.5% 11. 5 (34.4 — 


- 8, 16, or 2.16 below the central axis; 
12X12xX2 167 = 400; 


of 


jason. 
— 
— 
— 
ig 

19) (12.5 — 25), 

q 
ream 


6000 


= 0.75; 
50000 X 1.5 
Assume $-in. bars, 
—12)) 
05 X 19.5 X 4.25% — 3.75 (19. 12) 
or 0. 25 below. the central axis: 


F. D. Warren’s constants: 
‘Beam: C=3 000; = 53 009; = 


Factor of safety = 3.5. 


x 3. 196 xX 12? X 12 X = 756 000; 
= 3. 57; (assumed) = = 4; 1-in. bars a assumed 


(47.7 X 12.5 — 11.5 (47.7 — 
x 11.5 (a7. 7 — 12) (12.5 — 
| 
7.36, or 1. 36 below the central axis ; ao 
(12 X 1.367 = 1 994.6 ; > 


I 


= 2790; 
al 756 000 
Slab : 


M=125X 12 X 4 X 3.5 = 840 


53 000X175 
y (assumed) = 1.75; 


— 
lz: 
4 
— 
tm 
& 
— 
| 
lz 
— — 
tm _ 
— 
— 
a 
‘ 
it 
= 
| 


0.5 X21 X 4.253.752 


27, or.0. the central i 7 

An examination of the results in Table 2 will show that i in three 
_ of the nine there is a fairly close agreement with each other, whether — 
_ with the use of the same constants for all, or the constants recom- 
mended by each author, although the assumptions of each are quite — 
different. The three which agree fairly v well are: Wason, Hatt, and 
Talbot. These three, then, would appear to ‘be Gis in 


character, and the writer’s method gives the safest result with the “s . 


constants. Professor Talbot’s analysis appears“to be the most 
rational solution of the problem, from a ‘profoundly : scientific ‘stand- - 
Without doubt, the stress diagram of the 
is a curve somewhat resembling a parabola. No allowance for 


i sion of concrete should be made. _ There seems to be, among — =) 


dag for the ultimate strength of a reinforced concrete beam, ijn 
dividing by a given factor of safety, or using the corresponding | 
working stresses to solve for the working strength of a beam, do not — 
_ give the same results, or results which can be compared. To illus- 
trate: : the beam previously considered, and the ultimate 
strength of the concrete as the force, instead of the area of the BR af 


_ steel, with the treatment of the compression, the 


fe 
‘Then, arm of nite = 


compressiv e force of concrete = 


= 0.254 X 2.000 


namely, == = 500, solve for Ww orking of resistance with 


ent of com yression see Fi 1g. 17 ‘ - 
moment d= 0.833 d 


(21 X 4.2 vir. Wason. 
| 

q im 

a 

— 
— 
4 
Arm 
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compressive force of concrete = 5 bd= =@ 


My = 0.208 ct b d? = 1800000. 
‘The correct method is to solve for the working strength. 
suming a working compressive stress of one-fourth the ‘ultimate, the 
difference between the straight line and the parabola is negligible, — 
and the triangular area can be used, as it is simpler. The vari- 2 
ation in the quality of the best concrete will more than offset the — 
retaining the curve. the triangular : area is used 
for ultimate compression, the result will be too large, in the ratio 
of 4 toy, or 374 per cent. The modulus of elasticity is used only 
in finding the position of the neutral axis, in order to find the center — eT -. 
7 of gravity of the compressive force. The position of the neutral axis 


‘and 4% of steel; secondly, 


by Talbot’s formula: First case, z = 0.266; second case, z = 0. 616. 


Arm of moment = =d— 4 z d 


4 is used on the crushing strength of concre te, , then the 14% 

ultimate strength is only 33% of the working strength. _ 
differences are frequently found among several test specimens made 
j from the same batch. As the case cited covers a wide range, from — 

a rich mixture at an age of several months, with insufficient rein- 
‘a forcement, to a lean mixture at the age of one » month, with an 
excess of metal, with an error negligible in. common practice, it is 
evident that no change i is necessary in the formula for any ordinary _ 
eases of construction, because they always fall within these limits. 

‘This adds greatly to the simplicity of making and to 
versality in the use of tables. 


— 
- 
a 
a 
1G, 18. 19, ‘Frc. 90. 
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TABLE 2.— UMMARY OF LTS ‘UsiNe THE SAME CONSTANTS: 


For Beams, 


Stress in | Distance, On 
Area of | ‘steel, in top to || moment 


bending | steel, in of | 

moment, square =< resist- 
in pounds. ‘| inches, |P® inches, | #8¢e, in 


Arm, as 


10,00 
10.58 
10.36 


708 750 
710 250 
759 000 
348 860 
504 900 


‘Warren.....| 
SLABS. 


+ 


ez 
ERSSREB™™ 
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4 61 
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ez a a . 
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-SumMMARY OF RESULTS UsING AUTHOR’s Constants 
For BEams. MS. it... 


Burr 

Johnson.. 


> 4 


6 


7178 
5 875 
6828 
5940 
8 467 


| 


o 
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— 
— 
isc 
Hatt........| 795939 | 50 000 (8.93 
Thacher....| 445499 50 000 
Johnson. .., 50 000 10.32 =< 
Wason.....| 83338 | 6944 | 0 a 
a 
os 
-| 775226 | 36915 | 1. 0.854 
‘| 955879 | 40756 | 1 
— 909120 | 43201 | 1 0. — 
‘| 674870 | | 1 0.86 
| 4 Warren 755.000 36000_| 2 
‘Thacher..,.| 548 0.29 | 70400 | 1.67 — 
05 6890 | 2.15 — 
| 82000 | 6833 | 0.5 | 50000 | 1.98 


h In a large number of tests examined, the neutral axis for one- 
pene of the ultimate load has been found to be not far from one- — 
6S the depth from the top of the beam to the center of reinforce- 4 3 ei 
‘ment. It is sometimes above and sometimes below. To assume it | 
7 half way, agrees very closely, therefore, with the observed facts. 
With this position and a pte -line distribution within the work: 


Therefore, the the of resistance is = = @ 833 d. 


‘ ‘The m method of duigning beams with ¢ T-section need not add - 


complications. The foregoing formula can be applied without dif- 
ficulty. The same value of u can be used as 8 for a rectangular 


T-section, will coincide with that for the rectangular 
one, and if it does not, u will be less than its true value, therefore — =i 
_ the beam will be somewhat heavier than is necessary. If the depth 
size of the steel are fixed, it is then merely necessary to find a 
sufficient area of concre maximum 


he width of the web, the other known of 
; Section, the area in compression may be obtained. Knowing the ratio | 
or. of the allowable working stresses in the « concrete and the steel, the 4 
area of the steel is fixed. One : advantage of this formula is that the — 
. area of the concrete above the neutral axis — by its average 
stress may be substituted for the area of the steel 
“a In the writer’s practice, he has never known a case . where a floor 
; _ was composed of concrete leaner than 1:3: 6, or richer than 1: 2: 4, 
and as a designer will generally use one mixture at all times, there 
is no complication by a large number of ratios of areas of steel 4 
- eonerete, as the percentage is a fixed amount determined entirely 
_ by the working stress of each material. In using such a formula, it 
as to existing by others as to 


‘many “wariables upon one another. The of the 
 ¢ - neutral axis varies with the percentage of the area of reinforcement 4 ‘ 
te that of the concrete; the ratio of moduli of elasticity of the two = 
materials, w which in turn varies with the mixtures, age, and character - 
i @ the cement, sand and stone; and the stress-strain curve differs for bed 
each case. Moreover, the position of the neutral axis is of little Y. 
consequence. Its position is not accurately known at the ultimate 
strength of the beam, therefore the value of c, corresponding with a 
given f, is only approximate. The location of the first crack is 
variable to be a safe guide to the proper working load. He places 
steel too near the bottom of the beam. 
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proposed by Mr. Thacher appears to be in error in mr. Wason. 
= the value of A, which is carried into the solution of the __ 
7 _ moment of resistance. The writer has never found the percentage 
of steel per inch of width of beam useful in designing structures, _ 
__ Professor Burr places the ultimate strength of the concrete too is 


Mr. Kahn’s method the writer has been unable to > check by any 
of the ordinary principles of design, and he sees no logical reason ~ 
for the area used in compression. 
| Professor Talbot’s formula is the most rational of any yet pro- : 
= covering every Point, and it can be readily applied to any de- ? 


Captain S Sewell bases his determination for the position the 
neutral a axis upon the ratio ) of the moduli of elasticity and the work- : 
_ ing stress of the two materials. As these do not vary proportionally, ; 7 
& results based upon this method are inaccurate. Moreover, with con- 
erete wherein the modulus and stress are not the 
sumption that a plane | before bending is a plane after bending is 
, —* to doubt. He states that the values of ¢ and E#, must always 
4 be those that correspond to each other. The value of c differs some- 
wh with different brands of cement, and, as the designer does not 
. & what brand will be used i in his work, the correct ‘ratio of c to 


certain which was largely used in making tests. The 
- ultimate strength of several brands varied widely, yet the modulus 
at the same stress, approaching the ultimate load, varied but little. — i 
This is somewhat similar to the variation in the elastic limit and 
= strength of steel with a change in the percentage of carbon, __ 
_ while the modulus of elasticity remains constant. This is a serious 7 
defect i in the formulas involving ratios of these stresses. 


a 
— 
a and does Tot Bet T €luciency ie af 
Mr. A. L. Johnson stakes his reputation and his design on the 
fact that reinforced concrete stretches more than plain to 
stated in the introduction, this effect of the embedded metal 
upon the extensibility of the concrete is the quality upon which the = 
whole art of steel-concrete construction rests. Fortunately, it isa 
| 
a a — 
: 
— 
a 
| 
 §sgsXxXM 
— 
aq — 
4 
q sult is the same. Moreover, using his method involves a longer task 
“Catalogue of St. Louis Expanded Metal Fireproofing Company, 1008, p. 08 


* 


DISCU SSION: I NFO 

Mr. W asov. than any of the others. ‘The result shows an extravagant use of a. 

steel and a lack of efficiency in the concrete. The stress in this ma- 4 

a terial i is not as great as his formula would indicate. A thickness of © 

in. . of concrete below the steel is not enough _ the size e of the 


Some engineers solve for the working stress alk the beam, oul use 


- parabolic curve for the compressive stresses. This is inac- 
: curate, inasmuch as, within the working stresses, the stress is al- 
- most exactly proportional to the strain, so that a plot i is either a 
. endabe line or its difference from a straight line is negligible. — 
_ With this method of design, the outside fiber stress in compression 


is actually about 14 times as great as it is assumed, as shown below. 
r a parabolic cur curve : ean 600; p= 0.01; n=10; x=0.42. 


=~ XX 500 X 0.42 —_ 0.42 


0.36) 
= wil 


> K 150 X 0.86 1 


x is taken from diagrams, using p-as ordinates and # as abscissas for 


of n, 2 being deduced from the formula for a parabola: 


_ These plots were made by Professor Arthur W. French. : It will 


- seen | that the results are almost ider identical, _ although c = 500 in 
4 Captain Sewell’s taking 80% of the ultimate strength as a maxi- © 
mum stress on the concrete when the steel reaches its elastic limit _ 
is apparently based on Professor Hatt’s tests at the first crack. te 
_ The working stress obtained in | concrete | on this basis, using 24 as a 
factor of safety, or 32% of the ultimate strength, seems to “a “al 
reasonable. The writer would recommend using the sum of - ” 
_ dead and live loads as the load on which the factor is based, except — 
in the rare cases — the dead load is a oe than the live load, 
when Give load + oad) x x = the elastic limit of the 
steel, may be The limit of elastic: deformation determined by 
7 Professor Bauschinger, which the writer has never seen questioned, © ae 
was about seven-tenths of the ultimate resistance; therefore, approxi- . 


a 
— 
a 
— 
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135 X 0.86 = 1188 


i 


FLOOR SYSTEMS. 

mately, the above factor of wiliae' is based o on the. elastic limit of the Mr. ‘Wason, 


designing, it is assumed that there are no initial strains | 
composite structure, but, nevertheless, they exist, a as the shrinkage 
the cement in setting an initial compression in the steel 
_ which the formula does not recognize, and this, if neglected, adds 
to the factor of safety. Inasmuch as the amount of stress cannot be 
accurately determined, this i is the wiser course. 
Captain Sewell states that beams _ designed by the right line are wes 


w. 


than necessary, and that the parabola rather inclines to the 
_ opposite extreme. | When solving for the working stresses, this is of 
less consequence. His value, 0.85, agrees quite closely with 

the mean of the extreme cases" previously solved by Professor 
Talbot’ 3 formula, , and i is ‘sufficiently ¢ accurate to | be generally used if ei 


4 The writer — > 
= it is not correct when working stresses are considered. 
The elaborate discussion as to the most economical design, con- 

dering the cost of the s steel and the concrete, is very interesting 


fpr independent of due ratio of stresses in practical applica- # ‘ef 
= the writer has found that it is sufficiently accurate and economi- ff - 
to design beams with the maximum allowable depth, in order 
From every test which has come to the writer’s attention, he is 
—_ convinced that there is no economy in reinforcing the beam with jaa 
steel against compression, and is glad to see this opinion confirmed. 
- There is not as great economy in using it in compression as in a 
‘tension, but the writer would go . still further and say, from his 
present knowledge, that it is never advisable to use steel in com- 
pression in beams. The tests made for him at the Massachusetts 
of Technology showed no value in top reinfo 
ment, and to rely « on it would be dangerous. _ 


strength and modulus of elasticity increase with age, while the steel 4 

~ does not, the design of the beam becomes unbalanced, thus changing ~ 
: the ratio of the moduli of the two ma aterials, the position of the 4 
a neutral axis, and, especially important, the ultimate compressive | 

‘stress, thus changing the expected result from any design where 


| thee items are used as factors. Actual transverse tests, where the 


neutral axis has been located, show that the outside fibers sustain a ua 
greater stress than in columns uniformly compressed. 
= _ On work of any size, the concrete is mixed by machinery, while __ 


laboratory tests are almost invariably mixed by hand. © 


— 
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| Hand-mixed concrete f Samples of AG 


ONC 
in 1897 1900, the difference i in between 
and machine-mixed concrete, where both cases were 
tionally well done, was 11% in favor of the machine-mixed. . In the 
other set, under commercial conditions, the difference was (25% 
in favor of the machine- mixed. There i is quite a difference in the 


or lightly affect the ‘density and the. 
— 
The bond or union between the steel and the concrete increases 
7 with age. The adhesion does not reach a very high value in one 
‘month, but increases steadily beyond this point for a number of 
\ months. _ Thus, a design based on adhesion which would not be safe 
at one month would be safe at a greater period. A mechanical bond — 
Jo is always to be preferred to simple adhesion, however. While the — ‘2 


formulas given take no notice of "this, designer must, 


Fortunately, all variations are i in the of 
4 but when natural causes, of which the most elaborate formula can — 

_ take no cognizance, produce such differences, why attempt great re- pa) 

finement, especially when the values of the factors ‘cannot be 

1. Should the ultimate or the working ‘stresses be used; = 

2. What arm should be given to the internal ‘moment 7 resist 


Te 


e, the formula to be used being in the form: 


The arm proposed by the writer,“ d, or 0.833 1.7% safer 
that by Captain Sewell, and he believes it is 
There are many in practice for the quantity of 
necessary to embed the steel in the bottom of a beam. The practice 
followed by the writer, has proved entirely satisfactory in 
“4 twelve years of practice, ‘is to use a quantity equal to twice the 
diameter of the bar below its center. In work of exceptional im- — 
+ 4% portance, or where there is unusual danger from exposure to fire, 4 ‘mz 
_ this may be increased to 24 times the diameter of the bar, and this “ “& 
will be found to be ample in the worst cases, . The width of the , 
d beam should be at least equal to 8 times the diameter of the bar. 
rg If this is used as a minimum, there is danger in some cases of shear 
eracks. Adding an inch to the amount above given, or, at most, 
4 times the section of the bar, will be found sufficient for beams : 4 
_ reinforced with a single bar. aan here m more than one is used, allow 
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ISCUSSION : REINFORCED CONCRETE FLOOR SYSTEM 
a good deal has been said by various writers about the percentage ™ Mr. Wason. in’ 


of steel to “use. The limiting factor is the area of the « concrete. 


re once determining the working stress of this, the percentage of a 
steel is fixed for any given stress, and this ratio is aconstant. = = =—— 

_ Among the advantages of solving for the working stress, in ad- E ae 
dition to those previously advanced, is the fact that a great many > 
tests of the -erushing strength of concrete of ‘different mixtures and 


these is easy to obtain, or an average omitting the exceptionally high 

. In obtaining 
pron of this character, there is no o danger of misintergecting their | 
meaning. The variations in the actual results from those theoreti- _ . 
cally expected are well within the limits of allowable error. The — 


agreeing in their principle with one is as important as in 
_ designs made for wood and steele 
a In all the foregoing, nothing has been said about web stresses. 

a. When the writer began constructing this class of work, twelve years — 

4 ago, he did not know yw enough to reinforce the beams against shear. 
‘There are a many structures without: any reinforcement which 
have proved entirely satisfactory in actual service. On account of i 
this experience, he still continues to build many floors for light loads 7 

without any web reinforcement. There is one building, however, in ys : 

which» the floors are habitually heavily overloaded by the shock of 

falling: weights. In this, some beams have been eracked, . which 

would indicate that there -is not a very large factor of safety, and a 

therefore reinforcing against web stresses is desirable. From the ex-— 

perience of actual structures without web reinforcement, and from 7 

laboratory tests, it is evident that the concrete will withstand a con- — 

_ siderable part of the web stresses, enabling the beam to develop | 7 

the ultimate strength of its tension and compression members. 
* The writer dissents, therefore, from Captain Sewell’s opinion that co 

eonerete ‘should no more be relied upon for connections than for 
resisting “tensile flange” stresses. s. Especially is this true when 

_ When beams are to carry a quiet load, or one with but little vibra- ey? 

, re tion, the concrete can be allowed to resist shear to the amount of = 

80 lb. per sq. in. But when there is heavy vibration or sudden 


Sage portion of the floor, it is advisable to use stirrups bent to extend — . 


~ shocks, reinforce for she entire web stress. On account of the fre- 
at least 1 ft. each way from the beam into the panel to bond the two — 


together. This i is seldom « done. it is most needed at the center of 
the span. ee Deformed bars are far superior to plain ones, and, now 


> — 

im 
brands of cement have been made when measurements have not been 
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Mew ason. that there j is little difference in price between them, there is no ex: 
cuse whatever for the use of plain bars. 
2 In comparative tests, where some of the main bars were bent 
: diagonally upward, reaching the top of the beam near the support, 
a the greatest strength was obtained—25%_ greater than with the use 
of diagonal stirrups attached rigidly to the main bars. This latter 
_ method, however, is far superior to diagonal stirrups which are loose, a 
as in tests of this kind, when the beam deflected, they dragged under _ x 
"the main bars, breaking away the concrete and causing failure at a yo a 
pena load than a beam which had no web reinforcement whatever, z, 4 
_ Loose vertical stirrups gave better results than | beams without any q 
web members. It is harder work to embed diagonal web members g 
properly, as shown on page 283, than with vertical ones, or where 
7 a some of the main bars are bent diagonally upward to the top of the 
4 beam. Therefore, to obtain as good results with the inclined stir 
rups requires more expense and smaller woe in the concrete than i is 
‘This discussion, however, can be made entirely independent of 
4 that of flexure, and final judgment should be reserved until more ex- a 
_ perimental data have been obtained. Some of the colleges are con- he a i 
ducting such experiments at the present time, the results of 


it is expected will throw considerable light upon this subject. The 
writer, therefore, has merely stated his — help 


P. Goopricu, M. Am. Soo. E—For years speaker 
‘ ray a4 has had in mind the use of a simple formula, such as the one sug- x 
- gested by Captain Sewell, to be used in the design of reinforced con- 
crete beams. With this in view, the results of tests of several hun- 
_ dred beams have been carefully analyzed and plotted. After con- 
* 8 _ siderable work had been done, the speaker’s attention was called to 
 @ paper by T. L. Condron, M. Am. Soe. C. E., entitled “A ‘Study | a: 
4 Tests of Reinforced Concrete Beams,” ’ presented before the Ameri- oe a 
ean Society for Testing Materials. In it Mr. Condron has analyzed 
, 9 eighty-three tests, and has proposed a formula of the form. “ie we 
(Moment of forces) +- (depth area of beams) = = (constant KX 
2 percentage of steel) + (another constant). 
‘The paper is most interesting and is worthy of close study. Sad 


before L. J. Johnson, M. Am. Soc. C. E., published, in Seales: 
7 News, his table of the values of K (which corresponds with Captain Ss 
_ Sewell’sh). As far as the writer is aware, however, Professor John- _ 4 
gon was the first to put the theoretical side of the subject into such 


n and age of the tested a 
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beams, reports of which were available for examination by the Mr. Goodrich. 


speaker, it was difficult to determine | the accuracy of Mr. Condron’s Phe 

deductions. The speaker, therefore, instituted the following test: 
‘Seven beams were built, with tension rods only, and all had the same 4 

: area of steel and the same area of concrete above the reinforcement. _ e 

3° The breadth and depth of the several beams were varied as far as a » 
possible. With these conditions, the breaking load should vary di- 


tions. The beams broke with semerhabls uniformity, all failing by 

_ 21 shows the plotted ts. The results also clearly 
the possibility of using such a formula as that i socal by the 


at least when a single percentage of steel is used. 
TESTS To. DETERMINE VARIATION OF ‘LOAD. 


WITH DIFFERENT DEPTHS OF BEAMS HAVING | 
SAME AREA OF CONCRETE AND OF 


Beams of Constant Area 
“ Similarly Reinforce 

Load Uniformly Distributed 

All Beams.Failed by Compress’ ion 


- q rectly with the depth of the beam, according to Mr. Condron’s equa- — 


ae "100 
i == of Load 
21, 
_ The anaiysis of the various test beams duveleped several different — 


points, one of which was the fair constancy of a quantity corre- 
sponding with the h of the author’s formula. Even the several hun- | 

_ dred examples, however, were found to be altogether too few, upon - 
_ which to base perfect reliance, and the speaker has thus been —- 
to resort largely to theory in order to develop working rules for 


design; but these rules are well tinctured the deductions: from 


The author’ s work, “in analyzing the 


tests to arrive at a proper assumption as to the stress-strain curve, 
is in direct line with what he states must be done as a solid a, 
upon which to construct working formulas. It is an indirect 
method, but, of great value. 
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Mr. Goodrich. His that the assumption of a 

strain curve for concrete gives beams which are 

_ _ may be true from the point of view of theory only, and perhaps may 

be proved so in practice when only the best of workmanship is ex- 

acted. However, when consideration is given to the fact that prob- 
— ably a large majority of the reinforced concrete work going on at a 

4 the present time is being done by inexperienced contractors, employ- | 
| relatively low-grade labor, and under little or no supervision, the 7 
speaker believes that the ‘Building Department of the City: of New 


jaa a wise course in meliving the right- line assumption. 

- example given by the author, he shows an increase of only 4 in. ly 
a beam which would have a depth of 8 in., » according to his method 
design. is an addition of only 63%, which is very small to 
eover even. ordinary variations in workmanship, », and is only 33% 

- more than enough to cover the variation from the nominal weight of i 

steel bars allowed in the rolling mills, according to standard steel 


oncrete at 20 cents per cu. ft., steel at 3 cents 4 


: uch as 23%, against which safe p practice > recommends a con- 
stant increased cost of only 3.6 per cent. 
_ What the author says as to the proper definition of the | modulus. i. 
_ of elasticity of concrete is only too true. The speaker has been un- 
able to find any data as to the modulus for « “concrete 14 days old, 
which is the age at which he determines all working values, and has 
A been forced to assume one until such time as accurate tests can be _ 
secured. He has lately come to the conclusion that the usual ratios & 
assumed for the moduli are 1 too small. ese di ie. 
_ Fig. 22 shows the curves representing the theoretical percentage: 
7 of depth from the top of a beam to the neutral axis, for different — 
_ percentages of steel and ratios of moduli, based on a right line for . 
— the stress-strain diagram. On it are also plotted the actual lo 
tions of the neutral axis determined by measurements on the beams 4 
tested by A. N. Talbot, M. Am. Soc. C. E., and reported to the 
Western Society of Engineers. It is seen that the curve omens «) 
to the observed results would be for 18, 
Another illustration, tending to prove ‘this was of 
test beam designed with stirrups of the special type adopted by the 
When only 14 old it failed compression: under a 
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= a ei Lae of only 3.6% is found between the right line and the author’s gi 4 
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DISCUSSION : REINFORCED FLOOR SYSTEMS. 
, and the clear 4r span was 100, in. On the assumption of a Mr. Goodrich. 
right line for the stress-strain diagram, and a ratio of 12 ith 
ratio of moduli, the extreme fiber stress at failure was 3 800 lb. With 
=. ratio of 20, the fiber stress was 2750. This means one } or both of hy 
two things: the ratio of moduli assumed in the first case was alto- - 
gether too small, or the type of stirrup had much to do with raising - : 
a the extreme fiber stress. Probably both are true. These points, — 
with many others, make the speaker feel that values for r below 15 3 ; 
are really too small. This is most likely to be true with certain de- 
signs of web reinforcement which act to. stiffen the beam. 
The speaker agrees with the author when he says that the ‘most 
logical” method of design | is to compute the ‘the load the 


_ LOCATION OF NEUTRAL AXIS FOR TALBOT'S TESTS WITH 
__- REFERENCE TO THE THEORETICAL LOCATION FOR VARIOUS 
RATIOS OF THE MODULI OF ELASTICITY, USINGA RIGHT LINE 
STRESS-STRAIN CURVE FOR CONCRETE 


tage of Depth of | 
below Top, to Axis. 


reen 


maximum stress “as the dead plus the of the 
live load by a factor of safety.” That is the method adopted = ae 


speaker for all his work, 
-_It is interesting to note that, after all his work, the author finds” Ne" 


that the average values of his quantity, h, vary only from 0. 865 to ae ae _ 
0.84, even with the widest range of theory as to the form of the curve = _ F 
_ in question. When he assumes a constant value of 0.85, he strikes a 
3 almost exactly the one found for a steel stress of 40000 lb. per sq. in. 7 a3 
_ Both 40000 and a value very close to 0.85 are the ones adopted by ae 
the speaker for all his ordinary work, In 40 000, he agrees» 
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DISCUSSION : REINFORCED | “CONCRETE FLOOR SYSTEMS. 
rich The speaker is also in substantial agreement with him as to the i 
_— _ propriety of adopting, as a working value for the maximum stress © 
_ for concrete, an amount reduced appreciably | below the ultimate 
stress usually assumed for that material. The author, like most 
engineers, adopts 2 500 as the ultimate however, reduces 
— - this amount by 20% and uses 2000 as the maximum allowable stress 
concrete. The speaker uses this same figure, but arrives at it 
“es It is believed that almost all structural work, both o: of steel shapes = 
a and of reinforced concrete, is likely to receive its most severe test 
_— a during e erection, and that (in the case of concrete at least) it is most 4 
centers are then removed or are being removed, and the 
in such a condition that building materials and all sorts of things 
_are likely to be piled about in the promiscuous way so well known to 
_ all engineers. - Little thought is ever given to the actual weight i in- 
volved, and overloading is known to be only too common. 
_ The diagram found on page 257 of Taylor and Thompson’s book, — 
“Concrete, Plain and Reinforced,” shows that the average ultimate | 5 w 
_ compression § stress | in a concrete 14 t days old is about 85% of its ultimate 
This tends to show that the reduc- 
tion of 20% advocated by the author is a wise one, especially when © 
- conditions are considered which are apt to oceur at an early age of Sr 
Togs _ For these reasons the speaker has prepared all his working for- — 


a __ mulas on a basis of 2 000, which is lower than has generally been used x 

am by most engineers, except through the devices of a relatively low — . 

- safe working stress for concrete, or of a larger factor of safety for - me J 


maximum allowable percentages of steel for each pray of con-— 

rete.’ ie In this connection, the deductions made by Mr. Condron are © 

plain steel bars of 33 000 Ib. per “sq. 
—* limit..........P (is) not to exceed 1.5%,” and for “corru-— 
mS or similar bars of approximately 55000 lb. per sq. ‘in. elastic 

 -—He ines not give his reasons for the deductions, and the ‘method 
of loading, and | size and kind of reinforcement i in 1 the beam influence = 


are of great interest. . Fig. 23, the left, 
a the plotted results of tests of plain, square and other bars of 


— 
— 
— 
a 
7 
% 
hz: 
4 
— 
— _ should be made, so as to meet varying conditions, = 
this connection, the results of the tests made by H. A. Carson, 
— rs 
— 


low. elastic limit. cases the Saiduses are as Mr. A 
due» to “tension,’ ” except two with small percentages, in which one 
bar slipped. Fig. 23, at the right, shows "results obtained with 
twisted and corrugated bars. In the tests marked with double | 
_ ¢ireles, the beam failed by what the report designates as “shear,” 
but which the speaker believes to be due primarily to a splitting oe 
along the line of reinforcement because of the shape 
of the bar and its action when it begins to draw through the concrete aad 
as tension comes upon thé reinforcing steel 
a Since the beams reinforced with plain rods did - fail by sien 
or by slipping of the rods, even when the > percentage of reinforce-. B Pag: 
ment we was high, there is nothing t 0 lead one to presuppose failure by yt 
mm in the cases of the beams with twisted and corrugated bars. —_ 


‘Fig. 1, Plate XXV is a of one of several photo-_ 
graphs contained in the r report, to which reference is specifically bs 
: made as illustrating the type of failure in these cases. It may be P 


eonerete the bars to bring them into proper action. This 
is doubtless true, but when sufficient concrete is available for this | 


Purpose, ‘the design is a failure from the economical standpoint. — : 


load— not more than (1% of any but plain po bars should be used. 
It will be seen, later, that when stivrupe are: used, much larger 
‘centages 3 of steel can safely be 
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to its or r disagr eement with actual tests. 
= _ The speaker has investigated a great many theoretical “designs” 
based on almost combination of conditions, ond one set 


percentages s of 


plotted showing the varying the was con 
curve was then found when the alone 


ay 


CONCRETE BEAM BOTH MECHANICALLY AND FINANCIALLY. 
‘Data: Maximum 


Ratio of Moduli, Right line variation of stress in Concrete, — ne 
Concrete 


Steel and|Concrete both | 
worked t full efficiency. 


Op 


povers 4 


- -jinteamnotion of the curves, the depth is determined by one or other re 
the unshaded parts of the lines. 


a The costs of both steel and con- bf 
- erete for beams of the depths determined by these unshaded lines 


were then computed, and are shown in the next ‘two intersecting : 
- eurves. The total cost is given by the line at the right, which shows ? 
decided minim 


— = soir. Goodrich. | The analytical work carried out by the author is extremely in- $4. 
4 total load on a given span, with varying 
ma: @ 
DETERMINATION OF ECONOMIC PECENTAGES OF STEEL FOR SPECIAL REINFORCED 
| 


ith as to the ratio of moduli, the maxi- ur. Goodr 
mum allowable stresses, and of the unit costs of the materials, the © 
-minimum occurs with other percentages of steele 
actual plotted costs: are shown in 25, which includes 


with squa square and with twisted bars. “The 1 minimum occurs rs between 
and 14% of reinforcement for the special prices assumed, viZ.2 


the cost prices assumed by the author. 
CURVES OF COST OF BEAMS PER UNIT 
OF SUPPORTING POWER WITH DIFFERENT 
PERCENTAGES OF REINFORCEMENT, FOR 
ONE OF TALBOT’S SERIES AND TWO OF 


4 


= 


ars. Cost of Beam per Unit of Supporting Power a 
Based on Bteel at 3 Cents, Concrete at 20 Cems, 


With respect possible economies which might be by 
introducing steel in the compression edge of the beams without using Gy 7 ie 
it in the web also, only the tests for A Boston Tunnel shed any — 
light, as far as the speaker is aware. _ However, they entirely bear 

out tl out the author’s deduction, that | single reinforcement will be 


ey 


— 
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14 DISCUSSION : REINFORCED CONCRETE SYSTEMS. 


_ ably because all beams will fail, by so-called “shear” in most cases, 7 ’ 


long before the top reinforcement rods can into action, 
unless ‘Special 1 means are provided to make them do so. 
some experiments on the longitudinal reinforcement of 
columns which the speaker has seen, he feels certain that, in both 
- beams and columns, steel designed to take compression, under such 
- conditions, carries but a small percentage of what it is usually cal- 
culated to do. If it is necessary to increase the compression side of 
a girder v with steel, it can be done much more economically in other > 
ways. The beam described earlier, which broke with an extreme fiber 
stress of more then | 750 in. ter to 


“4 


Note: 

Beams with bottom rods ‘ian 

Beams with web and bottom stcel ° | , 
4000 Beams failed by splitting © failed concrete 


with bottom rods only. 
Beams with top and bottom rodsO- 


‘Percentage of Steel Reinforcement 


‘The author’s paragraph with regard to ‘the ideal - ‘nataibenas: 

_ ment should be fruitful of interesting discussion. Personally, the 7 
speaker does not agree with most of the clauses contained in 
However, he believes thoroughly in web reinforcement, and that it 

rs should consist of a multiplicity of small members which should ex- Bee 
tend to the top of the beam. The experiments made for the Chicago, q 
Milwaukee and St. Paul Railway by Mr. J. J. Harding, and reported 


- to the Western Society of Engineers, strongly tend to prove each of. i 
items, but especially the first and last; while other experiments 4 


witnessed by the speaker 6 some years ago led him to the conclusion 
contained in the second point, to which he called attention in his 
= of C Sewell’s before the International 


&§ Mr. Geo ‘ 
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; <2 gineering Congress. — In the other points, issue is taken with this Mr. Goodrich 
“paper; however, these matters | are not necessary to the analytical 
treatment, the results of which are believed by the speaker to be 
essentially correct and to be borne out by experiment. Pe cee 
In exact accord with the author’s ideas, the speaker designs — 
beams primarily with regard to the maximum moments, without _ 
reference to anything except an approximate dead load. The latter Pe 
is usually taken as 1 lb. per sq. in. of “guessed-at” cross-section per 
foot of length. Afterward, web reinforcement is added, and all the | . 
parts thus determined are as to other possibilities of 
q best comparative known to the speaker, ‘illus- 
trating the value of web reinforcement, are those made by Mr. he 
4 


S ee ‘to which reference has been made. He found that his 


- web reinforcement increased the carrying power of the beams which = 
— contained it it about 50%, and that the variation in 1 strength was m much 4 = 
> in beams with web reinforcement than i in those without it. Mr 7 


& is Harding were obtained. as In the curves shown at the right of - 
‘Fig. 26, beams with bottom rods without web steel are compared — a 
with those with bottom rods and with vertical web reinforcement. — 

a he value of the latter will never be apparent until the load has © 

a point beyond which the concrete cannot withstand the 

stresses. In discussion of Mr. Hard- 
-; paper, this value is given as: ; 


‘180 Ib. per sq. in. 
is well known that are right, concrete can 
develop a very large shearing resistance, and the speaker believes 
properly designed beams should take account of this capacity. 
7 ot this point he differs from the author, who states th that “ideal web 


half of the beam should be at least equal to the maximum stress in 
the flange reinforcement.” The speaker * believes that this would 
an excessive amount of web steel. 


Of components of the stresses in all the web members in each o 


wan with web steel show little improvement over beams with- oa 

~ out it, until a point is reached above which the latter beams fail by a 

“shear” but, even then, only small improvement is found, 
both to the « design of the web reinforcement and the relative 
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"DISCUSSION : REINFORCED CON NCRETE FLOOR SYSTEMS. 
hen comparison is made between which have both top 
ee bottom rods, with and without web reinforcement, or beams 
~which have web reinforcement with and without top rods, a decided — 
i is apparent. The results of such comparisons are . 
_ shown i in Fig. 27, in which, except where stated to the contrary, 
- loadings are given at the first sign of failure. - When ultimate loads © 


are considered (at which the speaker usually looks askance), a still 
more striking is apparent. It should also be 


‘TESTS OF REINFORCED CONCRETE 
BOSTON TUNNEL, 1903 


Note A 
ae All loads at first failure except as shown: : 


Beams failed by splitting concrete 9.. 
Beanis with bottom and web steel 
Beams with bottom, top.and web steel O 


© 


RS 


14 16 0.2 04 06 08 10 12 Ld 
Percentage of Steel Reinforcement 


‘that the results given for Mr. Harding’s experiments refer to loads _ 
SS Unless a large } percentage of tension steel is used, and the beams id 


are comparatively deep, it will not usually be found financially 2 


profitable, purely from the point of view of increased safe load 


capacity, to use web reinforcement; and, even with large percent- 


ages of tension steel, it is . rarely profitable ‘unless the increase in the 


ultimate loads is noted, and advantage is taken to reduce the re- a ; q 


quired factor of safety accordingly, 
But, laying aside all ideas of economy, the speaker believes em- 
in in the use of ample web because of the 
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_ Fig. 1.—BEAM TESTED FOR Boston TUNNEL, WITHOUT STIRRUPS, SHOWING TYPE OF FAILURE. 


Fie. 2,—REINFORCEMENT USED IN Brick Beam Test, 


Fie. 3.—Brick Beam, NOT LOADED. 


4.—Brick BEAM SUPPORTING LOAD. 
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DISCUSSION REINFORCED ‘CONCRETE FLOOR SYSTEMS. 
marked difference in the type of f 
Plate X XVI, shows a the Boston series which 
was reinforced with bottom and web steel and carried more than 
19000 lb. at the first sign of failure. Even when ample factors of 
safety are used, it is well worth the cost of web reinforcement to be — 
sure that when failure does occur it will b be e like F Fig. Plate 
X XVI, rather than like Fi ig. 1, Plate XXV 
It was from a study of such conditions as are shown in the e: case 
_ of top rods with web steel that the speaker was led to adopt, for his — i 
_ ‘a type of web reinforcement which did not depend for its 
action on its adhesion to the concrete. That is the only means that a 


most systems have of transmitting stresses from the web steel into 
the concrete, whether the web steel takes the form of straight spines, 
or consists of vertical or other shaped members primarily designed 


; as aids to easy construction . A much better form, in the speaker’ s 


In this case, however, the latter should 1 Tun 
- across the top of the beam. But still better for construction pur-— 
poses is a design in which the tension rods are placed in pairs, and a 
the web steel is shaped like an inverted -U >with the free ends 
wrapped around the tension rods, The speaker claims no orig- 
—inality” for this design, a although he believes he was among | the first 
to see clearly its mechanical and constructional advantages, and 
} 7 7 first worked out its proper design. By this system, the web a 
may or may not be -Tigidly to the tension ods. Ins some 


is fabricated at a a point distant from the point of installation, and 
the amount of handling during shipment is large. 
a _ The speaker must include himself among those to whom the — 
author refers, and who cannot agree with him that “attached web — 


me mbers are necessary.” The speaker believes that the tw 70 follow- 
ing tests, devised and carried out under his direction, go far — 
_ disproving the need of the rigid attachment of web members. — 


“* “truss” was built, consisting of tension bars hooked at - 


and of inverted U-shaped stirrups with their ends’ simply 
_ wrapped around the tension rods. The stirrups were ‘spaced s so that | 
- ordinary hard building brick could be placed between them. Flat | 
_ plates were set in front of the bent ends of the tension rods to pre- _ 
7 vent the | end bricks from being cut by the rods, and oak spacing — 
- pieces, of just the thickness of the stirrups, were used to separate © 
q the bricks which would otherwise rest against the stirrups and | be 
cut by them. Figs. 2, 3 and 4, Plate XXV, show the plain rein- a a 
= the brick beam, and the load carried ee the - bricks 
> A more interesting experiment lately carried 
the 
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DISCUSSION : REINFORCED CONCRETE FLOOR SYSTEMS. 
ae to that used in the brick beam. However, the concrete ks 
was not allowed get below the bottom rods except at the 
_ of support. In this way no possibility of any adhesion be- 
tween the tension rods and the concrete existed. Furthermore, there 
Sted. 
was no rigid connection between the bottom rods and the stirrups, 
as the latter were simply wrapped around the former. At an age of a q 
14 days the beam failed by crushing at the center, with a load of — q 
while ‘a similar beam, built without stirrups, failed 
under a_ center load of 9 000 Ib. by rods” pulling out of the 
concrete. Fig. 2, Plate XXVI, shows the latter beam, and Fig. 3, 
Plate XXV I, shows the failure of the beam which had stirrups, 
but had no concrete under the tension rods. Fig. 4, Plate XXVI,_ 


shows the beam tipped upside down after it had been broken, so as 
to show the method by which the stirrups were attached the a 


‘The design of web reinforcement adopted by the ai ae 
4 materially increases the resistance which the beam will develop to 
Src as it acts in a manner similar to that at of the k hooping ~ w 
or spiral steel used to reinforce columns. Moreover, the increased 
crushing strength is developed in both beams and columns, ah 


only a fraction of what is required where longitudinal rods are used, 


as the tests of Considére tend to 


7 = he test described earlier in this discussion, in which was de- ; 
veloped an fiber stress from to 3 700 Ib. per sq. in. 


never been satisfied as to the accuracy of the methods ‘of computation 
thus far published for such beams. 

granted a predetermined which is in the 


determinations of economic dimensions, and perhaps he is right. ; In 
_ this point, it is concluded that he uses the same methods of determin- 
ing the quantities in question as he gave in his paper before the Inter- _ 
ae. Engineering Congress, in which he followed A A. L. Johnson, — — 
_&M. Am. Soc. C. E. It is a great pity that so few “experimenters 4 
tested beams of -section, because they are the ones oftenest 
- encountered, and every designer makes large use of the ape of the 
‘The analysis’ of the several hundred beams by the 
ame has convinced him that reinforced concrete beams designed 
with vertical stirrups like those shown in Fig. 2, Plate XXV, 
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.1.—BeEam TESTED FOR Boston TUNNEL, WITH STIRRUPS AND Bottom RITER. FAILep By CoMPRES- 


G, 2.—Bram, 14 Days TesTED BY WRITER. FAILED By PuLLING Fig. 4.—SAMe Beam As Fic. 3, TIPPED UPSIDE DOWN TO SHOW ATTACH- 


OF Hook. No STIRRUPS USED, OF STIRRUPS, AND ABSENCE OF ALL 
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in the design go. He is out in this three tests of full-— 
‘sized members which were executed during the past year in connec 
‘tion with the construction work going on under his direction. __ 
The floors for one to carry a load of 


were: See the building. as anchored at the 
ends, so so that the denominator i in the moment formula w w as 10 instead 
3 of 8, as for beams simply supported at the ends, and as the tests 
~ necessarily must be. Rails were loaded upon the test beams, and © 
their weight was sufficient to cause failure without the possibility 
4 of ¢ arching or of other troublesome effects. The actual load safely — 
carried | by the tests when the first cracks appeared, when increased _ 
in the ratio of 10 to 8, was equivalent to a load of 815 Ib. per sq. ft. 
_ Four months after one floor of the building had been completed, — 
four full bays, aggregating a total area of about 1000 sq. ft., were — AP ee 
Br with brick to aggregate 875 lb. per sq. a Under this load, a al 
fine erack appeared at the center of the bottom of the two. fully- 
leaded girders, with no signs of strain visible at any other point 


as to prevent any effect, and, as the greatest deflections were 
more than ‘in. “ft. spans, reduction of load 


and illustrates two important points, in spite of the fact that the a : 
-conerete was of very inferior quality, for some reason as yet un- 
_fathomed by those in che charge. Figs. 1 and 2, Plate XX VII, show 
beama as a whole, and a near view of the principal failure. Just as 
_ the last rail was applied to ‘the test, tension cracks appeared near 
is - the center of the beam. At almost the same time, spalling of the aan 
concrete took place at ‘the top, at the center. — This might h have been | an 
hastened by the action of the load, but only slightly so, as good sup- sup- 
ports were provided to distribute the load properly. _ Before another 
ee could be added, the failure shown in the photograph took place. | 
It is one in which a whole panel between two of the vertical stir- 
-rups seemed to shear out: the word i in its proper sense) 


that the stresses were solely vertical ones. In this connection, it 
be noted that “most designers give the horizontal 
full value in resisting vertical shear. It is believed that this method 
= design is proved to be of doubtful | value by this experiment. a 
One clearly brought out, is that a of failure, 
4 
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usually accepted idea of shear; and the failure cannot be attribute 
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4 DISCUSSION REINFORCED CONCRETE SYSTEMS. 
Mr. Goodrich. has not generally been is le when numerous 
rups are used. There w 
the concrete at the pen of support, there was ‘action 
- between the conerete and the unattached stirrups in this case. The | 
_ failure occurred in the first panel away from the abutment, and at . 
load far less than n the longitudinal s steel would carry theoretically in 
a One special point, from which the speaker draws some consola- a . 
tion with regard to this test, is that the quantities assumed in mek- — 4 
ing up the design were so well balanced that the three principal © 4 
types of failure showed themselves almost simultaneously. This 5 
a shows that all parts of the structure were consistently proportioned ‘ 
and that, with safe loads, all parts would have equal factors | a 
safety. Of course, with better concrete, this relation would: not be 4 


= so close, but then failures would have taken place through _ y 
tension, and the other parts would have been very near failure as i 
well. Of all types, a failure by tension is least to be feared, as the q : 
author intimates. However, only in beams with very low percent- y 
ages s of reinforcement will failure occur without 
crushing occurring after the steel has passed its elastic limit. — 
_ The speaker believes that the type of reinforcement he ie 
shad is far cheaper than that advocated by the author, and will be 
even more efficient in some cases. ‘The experience of the past year, — 
during which several thousand of such reinforcement were 
- fabricated and worked into place under the speaker’s direction, has 
_ shown that steel fabricated and ready for placing costs only about 
i $45 per ton, and that the cost of placing in the fo forms is less than 


When the author discusses the advantages of rigid attachment ; of 


1. an members, in regard to fire tests, he makes a statement shot 
= “web members wrapped around the tension bars” ' being inadequate. 
To this the speaker takes exception, and he feels that the test of the — 

concrete beam illustrated in Figs. 3 and 4, Plate XXVI, tends oie 


prove the fallacy of the author's statement. at 


Pe; The sp eaker thoroughly agrees with the author | in all that he 
says in his conclusion about the advantages of having web reinforce- 


iS ment run quite to the tops of beams, but he would substitute the — 
“vertical” for “diagonal” in each case 
he speaker has been interested in this subject for a 
” long time, but feels t that there is more experimental work availsble 
for analysis than the author admits in his last paragraph. 
This opportunity is taken to give expression to a gindaaity grow- _ 
‘ 4 ing feeling, on the speaker’s part, that much of the analytical = zz 
now in vogue is based on wrong primary assumptions. At least one ¥ 


writer of a en on an the subject of of reinforced concrete has hinted at — 
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DISCUSSION : REINFORCED CONCRETE FLOOR SYSTEMS. eet 

"the same thing, and an engineer of so some eminence has lately Mr. Goodrich. 
‘in - broached the same idea in a paragraph of a public address which h: as 
been printed in an engineering periodical 
> _ In any ease, the thanks of the profession are certainly due to : 
Captain Sewel for his timely and scholarly paper. 
Tuacuer, M. Am. Soc. C. E. (by letter) —The writer h: 
no doubt that the author's Equation 0 will give as reliable onal: - 


other formula, however complicated, provided the e values, 
hand A, are well established. | 


As noted by the author: “A must be expressed as some fraction — 

- of the area of concrete.” ’ A should bear such relation to d that the ~ 
strength of the concrete: in compression is equal to the strength of 
the steel in tension. If, in Equation 0, the values of A and T be 
substituted, it becomes M = h which is simpler : still, and this is 
formula giving the ‘moment of resistance of a rectangular con- 
—— erete- -steel beam which has been used quite extensively by the writer 
a and others for the past six years. It was first published in the ~ 
Transactions of the Association of Civil Engineers of Cornell Uni- 
4 _ versity, * and, since then, has been published in Cement, in Engi- 
“neering News and in a pamphlet issued the Concrete-Steel 
Engineering Company, and is quite well known. In the same pub- 
-lieations, formulas are given for the ultimate strength of beams, 


Supported at the ends and loaded at the center, in terms of +3 for | 


beams uniformly loaded, in terms of yrs} and for finding t tae dep »pth of 

beam | to sustain 1 any required load, l, being known. _ Nothing simpler = * 


is possible or could b be desired. They are in ithe s same form, and = 


‘48 In the writer’s formulas, the stress-strain line is pron as 
ry but, if considered as a parabola or any curve, the 


7 7 what shape of stress-strain curve is usual in n calculation. ee 
In the formulas above noted the constant coefficients were de- 
termined theoretically. ultimate strengths of the concrete 


"pressures d. ‘the results of such tests as the writer h 
5 been able to work up, he has had no occasion to change the values of ) 
the coefficients. Five sets of tests, made in different localities, and 

by different men, cover a variation in composition of concrete from — 
i n 1:2:4 to 1:3: 6, a variation in age of specimens from 23 to 90 days, — 
, A variation in ratio of length to depth of 6.0 to 22.2, a variation in 
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DISCUSSION: "REINFORCED CONCRETE FLOOR SYSTEMS. 
Mr. Thacher. strength of metal from 5 50000 to 100 000 Ib. per sq. in., and a vari- © 
in percentage of metal from 0.31 to 3.9 per cent. he maxi- 
variation between actual and estimated strength in no 
= 16 per cent. The mean variation for any one set of tests : 


in no case exceeded 2.3%, and the mean variation for all tests, 30 in 


In 9 of the 30 tests the reinforcing bars broke. The writer does 


see how any formula for ultimate strength: ‘of concrete-steel 
_ beams can be even approximately true when the elastic limit of the 
_ steel is used in the formula, unless the constant coefficient is modi- 
fied to compensate therefor, 
. The elastic limit of steel is about six-tenths of its ultimate 
strength Considére and Professor Bach state that the elastic limit 
4 of concrete, as far as concrete can have an elastic limit, is also about ia = 
a. six-tenths of its ultimate strength in compression, so that it appears 
: to the writer that if the author uses the elastic limit of steel in his’ 
a - formulas he should use 60% instead of 80% of the crushing strength 
the conerete. The writer agrees with the author that it would be 


4 


very desirable to make numerous tests of beams using, say, 1:2: < 
and 1:3:6 eonerete, and containing various percentages of steel 
reinforce ment, for the purpose of este the 


t 


formula. rom. m the ‘result of Professor Hatt? “exper iments, the 
writer drew the conclusion that if the ‘amount. of reinforce- 
_ ment is double what it should be to equal the ance. of the 
concrete the gain in strength of beam due to lowering the position a 
- the neutral axis will be about 20%, and if the value of FZ, is doubled | 
- there will be a loss of strength of about 20 per eent. The writer 
agrees with the author that the safe loads should be determined by — 
a factor of safety, for the breaking loads can be found by tests, and, 
_ for any intermediate loads, the value of E, is constantly changing. 
: He does not agree with him, however, regarding the factor of safety 
_ 4 recommended, that is to say, nothing for dead load and 4 for live © ‘ 
oad. If there is anything that will ultimately bring concrete- steel 
"construction into” disrepute, the writer believes it will be due to the 4 
. reckless method of proportioning followed by some constructors. 
- The writer never heard of a bridge or an arch being designed with a 
factor of safety of 1 for dead load, and the engineer who would 
would probably not the experiment. The writer 


dead live loads it w will be better use. wood or cheap 
_ but safe construction. The investigations and formulas of the 
7 author regarding weiniowem cost are interesting and instructive, but | 
the writer doubts whether they will find much practical application, 


as the depth of beams i is frequently governed by ‘practical considera- 
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DISCUSSION D CONCRETE FLOOR SYSTE) 349 
tions, and the minimum percentage of eins is fixed by calculation, } = 
and any greater amount than that is partially wasted. he writer 
not agree with the ‘author that the attachment of the w web re rein-— 
forcement to the horizontal reinforcement should necessarily be 

of the concre te. As long as the web is 


i. the concrete, no movement can take place, an and all eapdivions: are : 
If, as the author considers, it is to provide steel for all 
stresses, it appears to the writer that all superfluous — 
. : of the concrete should be removed, resulting in what is known as the 
Visintini system, which the writer considers a very excellent system, 
being the ‘application of the truss principle to concrete-steel con-— 
struction 
ForcHaMMER, Assoc. M. Am. Soc. C. E- —Without doubt, Mr. Foreh- 
concrete will be used instead of steel for m many and age 
theory or design is warmly welcomed. 
The speaker thinks that Captain Sewell has done right i in placing 
“the economical design in the foreground, but does not ene fe approve 
by the way in which the problem has been solved. 
stress- strain curve, as advised by 1 the author, is probably 
the best one available until the results: of experiments—made 
especially for this purpose—are 
& In opposition to the author, the writer believes that total failure — 
occurs when the stress in the steel reaches the elastic limit. Hence, — 
the ultimate strength of the beam is reached when the steel heal 


— 


for these two values simultaneously. 
 § he author advises the use of Equation 6 instead of Equations 


4 to 5. If, in Equation 6, a is replaced by the proportion « of d given 
on page 261 this equation will give . practically the same results as_ as 
¢ Equations 1 to 5, but, if a and d are considered as variables, as on . 
- page 264 the connection between Equations 6 or 7 and Equations | ae 


1 to 5 is quite changed. 

Suppose Equation 7 to be solved for using a for 

which is smaller than the one given on page 261, the result is a — 
e beam in which the concrete is stressed less than 2 000 Ib. per sq. in. 


steel is to its elastic limit. If—on the other 


=. 

= 
| 

‘ 

given on page 261, the result is a beam in which the concrete 

| 
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Mr. Foreh- stressed more than 2 000 Ib. per sq. in. when the steel is stressed to a ‘@ 


The result of the author’s economical _ considerations, therefore, 
| is that, for concrete beams with reinforcement of low elastic ot 4 

_& it is cheaper to proportion the beam with less steel than that given 

on page 261, oat the author says nothing ee the relative cost of 


be done, and speaker the author when, 
on page 263, he says it is impossible—with Equations 1 to 5—to 
4 express the cost in terms of the ratio of cost of steel per cubic foot 
a to the cost of concrete per cubic foot, because this ratio is entirely 
of ratio ‘between the maximum allowable stresses 
_ Just because these two ratios are entirely — 
independent of aa on it is possible to find a value for the last- a 
named ratio, leading to minimum cost. To accomplish this 
9 speaker will use ‘Equations 1 to 4, and, instead 0 of Equation 5, will 


Let F = the n maximum compression in concrete. oe 
Using E 3 and 1: 


q 


Substituting 


This, substituted in quation es 
a O67 PX which, in n Equation es 
“a 


n UW 


— 
— 
4 
— 
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the value of ain 


h 


4 it will be seen that a is meee in terms of t,, e, F, and p. aes 


and p aré constants, is a function of F and ¢, only ; hene 
= “for each value of ¢,, the re is a value of F, making. minimum, 
¢ or, for each value | of F, the re isa certain value of te making ra 


These values, naturally, are purely theoretical, may be out- 
‘te the practical existing limits ; but as the special object is not. ie 
get an absolute minimum, but only a good economical design , the a 
_ speaker is of the opinion that it may be of inter est to find values for 


i ‘the relative cost of beams designed for vario values of t, and FL _ 


pe In the formula ust Pas 


the first member, —— = ——., is due to the cost of | the concrete ; the 


last m ember, nee hot the cost of the sli In Tables 3 to 7 Ty = 


Chas been substituted for ~ =, and S for Ba In these tables, 


accordance with the author’s opinion, p is assumed to be 72, and ¢ 
to be 15 The ultimate str strength of concrete. in compression is 
" i~ assumed to be 2 300 Ib. per sq. sq. in. ‘The upper part of Table 3 is for 
™ medium steel, with an elastic limit of 33 000 me ~ in. For wala 


_ various percentages of steel, the speak 
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is 
Mr. Foreh- sion in the concrete, -Tepresented by F the depth of of the 10 beara, 
the cost of the by O31 the cc of the by the 


cost, T=; and the resisting ‘moment is for a beam 1 in, 
and 12 in. deep. 
--It will be seen that the cheapest beams are those in prey the | 


percentage of steel is from 1.1 to 1.4, and that ee ; a 


__ The lower part of Table 3 is for hard steel, with an elastic limit _ 
7 of 57000 lb. per sq. in. For the other items the values are the same - ; 
as in the upper part of Table3, 
Bh will be seen that the cheapest beam is that in which the full 
es strength of the concrete and the elastic limit of the steel are vanidl - 
simultaneously. Here, also, a little variation in the percentage 


a _ vary much if the percentage is only a little outside of these limits. — 


the steel does not influence the cost very much; but, as there is no q 


actual minimum value (but two independent curves intersecting 
oe _ at the minimum point), it is here more important to keep close to. q 
the right percentage. 
To try these results on tests the speaker used a very interesting 
8 Os of tests* made under the supervision of A. N. + i 
i The uv upper part of Table 4 is for tn: beams of medium steel 
+ ee the series) with an elastic limit varying from 30 000 to 
35000 Ib. per sq. in. This table shows the actual percentage a, 
ps the final stress in the steel; the breaking moment, in inch- 
pounds per inch; and the cost, “1 


1 + 0.72 X ). 


Table 3 is taken the breaking moment and cost, as 


a culated, assuming the elastic limit to be 33 000 Ib. per sq. in. — 
_ With one exception (Beam No. 9) it will be seen that the | sia 


% stress in the steel varies between the limits 29 300 and 37 400, , with 4 - 


an average of 32900 lb. per sq. in. With the same exception there 
is also harmony between the ultimate moments and costs as they 


were in the actual beams and as they are calculated. It would 
_ seem that the calculated moments are somewhat too small for the ee. 


‘small percentages and somewhat too large for the large percentages. 
_ The lower part of Table 4 is for six beams of hard steel having — 


an eesti limit of from 55000 to 60000 lb. per sq. in. In this ; q 


To “complete the investigation, Table 5 shows the relative cost of a 
beams reinforced with steel of various elastic limits. _ 


*The results of these tests are published in Bulletin No, 1 of the University a 


ii 
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PERCENTAGES oF REINFORC EMENT. 


3.—Co st oF R RE INFORCED CONCRETE BEAMS, WITH Mr. Foreh- 
hammer, 


/m Vm 


0.0906 | 0.0267 

0.0809 0.0808 

0.0649 | 0.0888 | 0. = 

812) 0.0567 | 0.0455 | 0.1022 44900 


0.0510 | 0.0610 | 0.1020 800 
429| 0.0488 | 0.0543 | 0.1026 


) 78 600 


57 000 | 1490 |3.55/ 0.899 | 216 0.0681 | 0.0206 | 0. 81000 
57 000 | 2.020 |2:88! 0.875 | 349 0.0536 | 0.0270 | 0.0806 - 


57 000 | 2300 427 0.0484 0.0302 61 500 


200 | 2300 442, 0.9476 | 0.0832 63 800 


| Sam | | 0:0445 | 0:0486 | 0: 
_ Assuming the ultimate otrength of concrete in compression to be A * 


2 300 Ib. per sq. in., it will be seen that the cost decreases with the __ 


el astic limit of the steel until this has reached about 100000 Ib. a 


per sq. in. _ Any further increase in the elastic limit will not de- — 


Naturally, this value for the elastic limit is purely theoretical, 
but the interesting point i is, , that with steel having an el elastic limit 
a about 60000 Ib. per sq ‘sq. in., practically ‘the ‘minimum of cost is 
is z reached, as the theoretical minimum is only 8% lower. met: must be 
remembered that this percentage is only part of the cost.) 
- Table 5 also shows that the saving effected by using hard in- 
Stead of medium steel is but slight » compared with what it would : 
be in a ‘steel construction. Using steel with an elastic limit of 
Ls 85 000 instead of 55000 Ib. per sq. in., the cost here considered will 
be increased by about 24%; and, assuming the part of the cost here 
- considered to be about one- “half of the total cost, ons is only 12% 


cheaper to use the hard steel. 
oe a As medium steel is considered much safer than hard steel, for ° 
all structural purposes, especially where it is subject to impact, the _ 


speaker thinks it proper to consider the question 


Another advantage i in using medium steel is that the « is 
_ stressed less, hence the ae stresses in the tension and also in 


— 
7 
.41 | 83.000 | 850 |3.59] 0.900 
4 -52 | 83.000 | 980 |8.25! 0.889 
| 38 000 | 1 600 2.70) 0.867 
| 98000 | 1 600 19 0.688 — 
56 | 38.000 | 1 940 |g 0.832 imum 
2.08 | 38.000 | 2 800 |1 0. 
an 
— 
7 
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— 
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CONCRE E re 


Mr. Foreh- T ABL E OF 12-IN. REINFORCED CONCRETE 


RCENTAGE: 


= 


aya 

Reinfore ement in ercent- 
12 12-in, beam. 


No. 


plain square, 
ahn 


s or R 
8 OF tEINFO 


BREAKING MOMENT, 


 m,PERIIN. | 


WIDTH OF BEAM. 


lated 


00 
70 000 
82 100 
29 300 
30 690 
82 000 
35 000 
80 200 
38 800 


22.000 

22 000 
22 200 
30 400 
83 800 
84 200 
89 700 
49 000 
58 300 
51 400 
51 | 


84 


55300 
6) 
66 000 


52 600 
58 300 


a 000 


46 600 
64 100 


22000 
84 200 


44.900 


SYSTEMS. 


BEAMS WIT! 


TOTAL Cost, 


Actual. 


0.108 
0.110 
0.110 
0.104 
0.101 
0.108 
0.108 
0.105 
0.116 0.1 


Data. 


33.000 |1 800 
35 000 |1 910 
42 300 |2 300 
50 000 '2 300 

000 |2 200 

60.000 2 300 


3 70 000 200 


80 000 300 


(0. "0496 
0451 
3 .0469 

0.0480 

0491 

0.0518 

892 | 0584 

3. 61 0, 900 | 326 0554 
3.90 0,908 305 0.0578 


90 000 2 800 
100 000 2300 

4.48 0.920 |269 0.0610 


700 

55 000 

50 600 

47.000 

44 000 
88700 


0.0160 
|0. -0140 
-0106 


120 000 /2 800 


cost. 


— | MEDIUM STEEL. 
\BLE 5.—Cost oF BEAMS REINFORCED WITH STEEL OF 

80000 630 1.39 2.28) 0.888 348 0.0586 10.0510 0.1080 | 55 300 Mares 
1,38 0.0496 (0.0002 | 58600 | 

— 


_ used in a concrete having an ultimate strength of 2300 lb. re 


| 
¥ 
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compression parts of the concrete ; but, if Mr. ‘Forch- 
steel is used, only very low working stresses should be allowed. abu — 
If medium steel, with an elastic limit of 35 000 Ib. per sq. in., is — es 
gq. in., and a factor of safety of 4 is ‘wanted, the working stress in 
the steel must be only, say, 9 000 lb. per sq. in., and in the concrete, — 
say, 600 lb. per sq. in. As shown in Tables 3 and 5, it will be — a 
_ cheaper to use in the concrete a working stress of from 450 to 500 db. 
. per sq. in. with the 9 000 Ib. per sq. in. in the steel. oe) IS 
In relation to T-beams, the speaker is in agreement with | Captain — 
Sewell. As steel having a low elastic limit does not utilize the full — ae 7 
- etrength of the concrete in compression, even for a rectangular ee 
the projecting flanges are not needed, and cannot act to decrease the 7 
- dimensions of the beam. On the other hand, with steel having a 
high elastic limit, the full strength of the concrete is utilized in a 
a beam of rectangular section; hence, the projecting flange will make _ 


= it possible to increase the steel reinforcement without crushing the 


cone rete. it will be proper to make as proposed 


by author, and then find h from Equation 
## the etal of the beam which can be consi 

B=b+2 c, it is necessary to inquire whether or not — x is 
greater than the percentages given in Table 5. ‘With p= = and 


100 X 0.4655, 

hence the equation can be used | for steel having an elastic limit up 

to 80000 Ib. persq im 

For steel having an elastic limit of 60 000 Ib. per sq. in. the 

percentage in Table 5 is 0.80. Hence, for steel having an elastic 

limit up to 60 000 lb. per sq. in., the egg panpreee by the author a 

may be used if — = 13, this is, if the projecting flange “he 

each side of the beam i is at least th three-ei die of the width of the 

‘In the foregoing the speaker has considered bending, but has no not 
"considered shear. The shear certainly has to be taken care of, as be 

well as the bending; but, as it is evident that the cost of a well-— je 

designed web reinforcement is entirely independent of the depth 

the beam, it is proper not to ) consider the web reinforcement when 


trying to find the most economical 


* If the neutral] axis is below the projecting flange—which will be the case 
—this is a little on the unsafe side; gia’ tt — be safer to allow the 60 000 lb. per sq. in. 
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DISCUSSION : 


Mr. Forch- The speaker considers the web important, 
hammer. 


and, without doubt, the ideal construction is with attached 
It seems to be still an open question whether, with attached web 
members, it is justifiable to assume that total failure will occur 
4 before the steel is stressed appreciably beyond the elastic limit. - 


4 but the speaker doubts whether the increase in the strength of the 
i steel, due to web reinforcement, is appreciable. It seems natural to. 


_ stress in the steel has reached the yield point. In any event, ‘the: 
_ speaker considers it safer to assume the ultimate strength of the 
steel at the elastic limit until reliable experiments have shown that 
it is above that limit, 
On page 261 the author says: 7 
a Iti is certain that it can never be economical to use enough steel 
_ to cause the beam to fail first by crushing the concrete.” _ + igh se 


7 ‘Table 5 shows that, for steel having a very high elastic limit, ‘itis 
cheaper, and, even for steel having a lower elastic limit, it may be 
- economical—in order to decrease the depth of the floor—to_ use so 
much steel that the beam fails first by ; crushing the concrete. — ~ Beam 
No. 13, in the lower part of Table . 4, is the most economically | de-— 
signed of all the six beams in that series, both theoretically and 
7 - practically, and it failed by the crushing of the concrete. = 
On page 267 the author’s expression, “maximum allowable per- 
centage of steel,” is very misleading, as it leads one to believe that 
=. additional steel is dangerous, which i is not the fact. Additional 
steel not only decreases the stresses in the steel, but, also, te 
stresses in the concrete, if the moment be assumed as constant. _ a 
a Quite another matter, however, is the fact that it might be fatal 
in solving Equation 7 for d, using a as the elastic limit of the steel a 
’ used, when a is larger than what the | author calls the “maximum © 
_ allowable percentage of steel.” With excessive steel, the value of t, 
must be taken as that where the percentage used is allowable. An 
example will illustrate this: Under the assumptions made, Table 5 
be shows that, for steel having an elastic limit of, say, 55000 lb. per. 


0.0480, 


= 0.0798. 
vit the ste el is incre ane 1. 07 the a llowable v: 


or 2.3% omallor then 1 an before 


0. 0.0469, 


a 
| 
4 
q a 
lue for t. is 
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: 
ster is decre ased to 0. 70%, Equation 7,m=ha 1d ty Mr. 


a . = 0.0546, or 13.899 higher than in the first case ase 5 


—2_ = 0.0546 (1 + 0.72 X 0.70) = 0.0821, or 2.99% haher than 


It will be seen, therefore, that the most economical results are 


For these reasons, 
(page 267 that “theoretical economy, based on ‘relative is 
not attainable. a Theoretical economy, based on relative costs, is 
reached when what the author calls the maximum allowable percent- 
are used. ‘The author is also incorrect in stating that any 
eal percentage is wasted. . As just shown, an — 


steel increases the strength of the beam; conse- 


quently, it is not wasted. 
_ With the assumption, made i in Table 5, that the ultimate seme = 
the concrete in compression is Ib. sq. in. » the most 


per 


ion 


to to two straight which intersect at a minimum 


The ‘flowing equation, proposed the speaker, is for a rect- 


in whic he B hare "for various values 


0 0360, and 0.218 xX 10- 6 values ‘of 
42 300, a = + 0.074, and 6 = — 0.69 X 10-*. For other values of 2 
qaand will have other values, and the point of intersection of the 

two curves will change. To find the point of intersection for other | - 


e wel as the point of interse xe ction is w 
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= 
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> 

-_- percentages will increase the cost as well as the depth of the beam. >» — 

7 _ Any larger percentages will increase the cost, but decrease the depth | yl ae 

| of the beam, and the latter, under certain circumstances, may be of 
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Az —For ¢, t, smaller than 18.4 F: Use 1.4% of steel and fix the — al 
depth of the beam in accordance eJwith Equation 7 7, that 
is m= 


yee 
is. = ha adt,, substituting for h, 0.85, and 


pence, 
a 


.—For t, than 18. 4 Make depth of 
‘The values of a and £, for various values of are: erie 


0044 
218 


0.084 


ese > formul mulas : 


ane area of the reinforcing se per dea of beam ; 
‘ee d= = the depth: of the beam from the center line of ‘the 


reinforcement to the ultimate fiber; 
the ‘ultimate compressive strength of the concrete ; 


= this the auines proposes to use the elastic limit of the 


This, it will obeerved, is simply another form of Thacher’s formula. 
_ 


- 


a 
a 
4 a 
‘The percentage of steel can then be fixed from Equation 7, using 
q = 0.85 and m = 0.8544 t,, 
“4 itiplied by the factor 
2 
=! 
J 
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proms in. w ide, is toa bending : 
‘moment of 100 000 in-Ib. A factor of safety of 4 is required. _ 
ultimate Strength of the concrete is 2 200 lb. per sq. in., and the e 
elastic limit of the steel is 30 000 Ib. sq. 
= 4 XK 100 000 + 8 = 50 000. 


2 900 200° = 13.1 6, and i is less than 18.4 


entage of steel = 1. 4, 
50 0 000 1.82 in.. say In, 


Example 2.—A beam, 6 in. wide, is subject toa maximum bend- — 44 


ing moment of 72 000 in-lb. A factor of safety of 5 is required , bo 


The ultimate strength of the concrete is 2 300 Ib. per in. and 


elastic limit of the steel is 60 000 Ib. per sq. in. 


5X 72 60 000. 


As = 26.1, and is larger than 18.4, Equation B jee 


F 2 300 is 


d= 00 000 (0.036. + 0.218 X * 60 000) = 12.0 in. 


100a 118 X 60 000 
= (0.82 per cent. 


If it is of importance to ‘decrease: the depth of the beam 
as possible, =* “* should be assumed as equal to 18.4. Then t, = 18.4 _ 


&* 2 300 = 42 300. dcan then be calculated Equation . A 


a= 84 X 60 000 100 


10.9 in.: and =1.4 er cent. 


Vv 50 000: 300 (0.0 036 + 0.218 10-8 x 42 300) 


100 a1 18 X 60000 190 
39 per cent. 


closely with the give en in Table 5, and concludes 
that the ‘equations proposed are sufficiently close approximations. 
sp speaker does not claim that the constants used for p, F, t,, 


4q 


ete., will prove to be just the right ones. ‘They may vary much, 


under conditions, and only fi further experiments can fix their 
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‘Mr. Forch- To av oid any misunderstanding, the ‘Speaker wishe *s to state, finally, 7 Ww 
hammer. 

that the formulas proposed herein can only “applied where beams 


or floor slabs are exposed to actual | bending. W herever arch 
action in the cone ncrete is appreciable other formulas may be applied. 


French. Frencu, M. Am. Soc. C. E. (by letter).—This paper 


a ig full of interest for designers of reinforced concrete, and the author ae 
will receive the gratitude of all for his excellent work. Sang se 
7 7 _ Considering the many theories and formulas for the design of 
eS: reinforced concrete beams, the greatest difference of opinion seems — a 
ie r to be in the matter of using safe stresses or ultimate stresses in the 


author proposes that the based ultimate 
strength of the beam. The writer prefers the use of safe working — 
‘Tt is common practice to design wooden and metal on the 
working stresses. Our formulas for flexure are theoretically 
correct for such beams when the stresses are within the elastic 
limits. Outside of these limits, although the same formulas ae 
used, it i is recognized that they are purely empirical, and that they Ys 
depend upon tests for the values of the constants. 
7 It is not impossible to construct formulas, for the ultimate 
F strength of beams of homogeneous materials, based upon the prop- 
erties of the stress-strain diagrams of the materials, but it is gen- 
erally considered impractical. If the stress- strain diagram of 
ere were not quite such a ants and attractive curve, often with 


a marked resemblance to a parabola, it is doubtful whether anyone 


beam of this material reinforced with another material. : — 
a examination of n many diagrams for concrete will show consid- 
erable variation in the relation between strain and stress as the stress 


if the attention be confined to the part of the from 14 
--—s- gero up to any stress that would be used as a working stress, it will 
be seen to be sensibly straight. Moreover, the elastic deformation 
for "stresses : from 0 to 500 or 1000 Ib. . has been well determined for i 
many concretes, and probably with gre greater accuracy than for ee 4 
near the breaking stresses. 4 


_ With the assumption of a constant ratio of stress to strain within ; 


the limits of the working stresses (and the assumption is close to - 


7 i the truth and slightly | on the safe s side), the design may be made — 
with as much certainty as in the case of wooden or steel beams. 


7 Let the ultimate strength of the beams be a matter ne test and ee 


| 
4 
| 
4 
| 
ie 
. . . . . . . 
the parabola with its axis at the breaking point, but, with the richer ‘4 
+ 


Fig. 28 gives the formulas for working stresses and ¢ a Mr. French, 


It is s important to note that the exact position of the 
axis is of little importance as far as the strength, calculated from am 
the steel element, is concerned. The effective arm of the othe 4 


changes very little with widely differing assumptions 

: value of Bey or of the shape of the diagram for deformation of the — 

: concrete, and but little with the percentage e of reinforcement. Sean 
_ The depth of concrete under compression and the total com- - L 
_ pression in the concrete, however, is affected greatly by the position — ; 
of the neutral axis and also by the assumed shape of the diagram 

; for concrete. — Fig. 29 gives the formulas for the assumption of a 
full parabola for the shape of the stress-strain diagram between the 

limits, zero and the working stress, and considers the coefficient of 


we on coefficients of elasticity ‘of 3000000 and 2 000 000 at the 
working stress. The assumption in the last case is ‘equivalent to an 
_ The absurdity of assuming a full parabola for ‘i stress distribu- 


tion within a working limit of from 500 to 750 lb. has often en been 
_ Formulas based upon such an assumption may be — 


6 
‘The writer cannot agree with the of Mr. 
= general application. "1 The assumption of the neutral axis in the 


center of the beam is in close agreement with theory for the per- _ . 
centage of steel in the examples, and, used by its author or other 
expert, within certain limits, it gives good, results. It is certainly 


the simplest formula proposed, and for about 1% of steel reinforce- a 
ment, is of great value. Its use is equivalent to allowing | 750 lb. i 


mula is used as a test. Probably many beams which | are 
by certain formulas to give 500 lb. stress have nearer 750 Ib. -.° Tr 


Practical experience with many structures of tested up 
to 2 000 Ib. hed 8q. | in. in ‘straight as as 


lies ey to 750 Ib. stress in the 
_ will possess ample factors of safety. _ It may sound better to talk of 
7 500 Ib., rather than a higher stress, but ae es is the thing c 
The use of the straight-line formula tresses" 


give lower percentages “ steel allowed in 1 the section, or headless 


. 
| _elasticity to be 3 000 000 and 2000000 at the origin of the curve. ta — 
made tO give any desir Tesu the 18 chosen properly, out 
im 
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p=steel area+concrete area. | 


‘Slightly inerror * m=15, 
a 
| 


4 
: 4 
. 
5 
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[Values of |p 
“0.025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.0200 
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Bee 


a 
a 


E,=initial E concrete. 
p=steel area+ concrete area. 
m =10for fulllines. 


m=15 “ dashed lines. 
Steel lines plotted for m=10) 
) Slight error for m=15 


0.0175 


— 

ERR | Armlof Couple} | | | TH 

- 
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2 — 
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0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0200 iii 
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REINFORCED CONCRETE FLOOR SYSTEMS. 
percentages" are used, the allowable stress in the steel is — 

a an. example of the use of Fig. 28, if the | stress in 
the conc mnerete is to be limited to 600 Ib., and 
 worki orking stress permissible in the steel is 16 000 Ib., the value of 

will be 72, for p p = 0.005. If p is 0.0065, the stresses will be 600 and 

16 000 Ib., and the value of M ~ bh? will be 94. Where conditions 

demand, it may be wise to use higher percentages of steel, although 

this i is not theoretically economical. . Thus, ‘if p = 0.02, the allowable 

‘stress in the concrete, of lb., will determine the value of 

M ~ bh? as 132, and the corresponding stress in the steel will be | «aa 


The natural limitations i in the use of reinforced concrete beams 


and the desire for long” spans or heavy load- -carrying - beams are ¥ 


ais 


- constant_ temptations to over-steel the beams, and some formula 
which controls automatically the relation between the areas of steel 
an and the stresses therein seems to be very desirable. ee, eee « 
we aa Shear reinforcement is shown to be needed in u most beams, both x 
: by analysi is and by y tests, : and it is well that i increasing © etheatlon is 
_ being given to the subject. In view of the comparatively small 
7 amount of steel needed to insure safety from failure by shear, it is | 
_ the writer’s practice to be rather liberal with such reinforcement. _ 


he stirrups are to be used at all, the ‘added expense of furnishing ~ ; 


| 


and placing a liberal supply is small. 


- Undoubtedly the most effective form of shear reinforcement is _ 


c _ that of rods attached rigidly to the tension bars, sloping up toward — 
=) the supports, and extending well to the top, or even extending into 7 
the slab. | ‘The | one form of patented reinforcement which well fills 
a the requirement of rigid attachment does not always easily supply 
, te requisite number and length of shear rods where they are needed > 


an forms of —_— attached rods seem to be clumsy and 


| desired wumber of rods of the | proper length cause the writer to. 
prefer, in practice, the loose vertical shear rods; 
these would seem to be no reason why the width, b’, of a slab 
a assumed to act as a compression flange, should be limited to three 
= the width of the stem, b, if the proper r reinforcement for 
shear at the section between the wings and stem be provided. With- 


out reinforcement, the limit of = 3 be is 
Irvine P. Assoc. AM. Soc. 


_~ writer has in mind a brief, though fairly systematic, “investiga- 
tion 1 of the ‘elation between the cost and the dimensions, stresses, 
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pik alg of the | ordinary concrete-steel beam or slab of rectangular sec- 


tion, with reinforcement on the tension side This treatment 


neglected (all loads and reactions being an of the conan the beam 
4 and in the same plane). _ The notation adopted will be the same as 


_ that already used in the paper, but, for convenience, two additional © 


symbols: will be used, viz.,r and e, re presenting the r: ratios, and 


The latter ratio will be taken as constant. 


‘Since the distances, 4 y, and Yo, are superfluous, as far as for- : 
- ann for actual design are concerned, they will be eliminated at an 4 


early stage, while the compressive stress, F, in the “outer fiber” of 
the eonerete need not be directly expressed in the final formulas, se 
oF 
‘ being replaceable when desired by the equivalent oem, 
F may have any val 


from the axis, the arm n of the couple by the total 
7 _ Foy, 72. 
stress, ab T, in the steel, in concre rete, is ¢ 


and h 
The equality of the sotal stresses mentioned gives rise to the r 


relation, ab T, that is,ab = 5 which, combined wi 


Equation le, leads to 
ra(r-+e)=de. 


If y, is now eliminated from Equation Se, rm the aid of Pai 


7 tion 1c, and if for all subsequent work a value of unity be assumed > . 

’ _ for the width of the beam, so that the bending moment, M, becomes _ 

being the uniform load square inch of “upper 


of the beam and the span), there i is 
3m (r +e) = (3r r+2 e) Ta 


4, 


— in 

— 

| q - 3 

{ 
+ 
authors Kquations and 4 sti 10 in the present con-— 
neetion, and from them is derived: 45 Ng pe 
a 

@ 

. 
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(aside from considerations of shearing stresses) for a beam rect- 

angular section with reinforcement on the tension side only. ‘They a 
onstitute two independent equations, from which, if all the quan- 

tities concerned except two are given or assumed, these two: “may | be , 
etermined, and hence should be regarded a: as constants. ns 

Te however, all the quantities concerned in these two equations - 

be given or assumed except three, these three are not determinate; 

_ but are variables; and by the aid of Equations 3c and 4c, a relation | 7 i 

may be obtained between any two of the three variables; that is, any © =F * 


use in subsequent work the following relations, all deriy derivabl 


‘Equations and 4e, are here appended: 


‘The cost of a (of usit width), of fixed span and maximum 
bending moment, m, will now be expressed in terms of various vari- 
ables, , and the conditions of minimum cost investigated. 
From: the ‘nature of the case, the only quantities which are 
7 fixed at the outset, and hence would be available as variables, are 
four in number, vizZ., a, d, and ‘80 that four groups, of three in 


variables (m is tented as a constant). 
_ As to the question of cost, consider only the tommy. @) and (4) = 


‘(mentioned o on page 264 of the » paper), a assuming the cost of a eubic 
foot of steel to be equal to p times that of a cubic foot of concrete, 


As a first group of a, d, ‘and T. from 


Equations 5c and 8c, is found: Vela 


which gives as a function of d. 

“s Here it is seen that z is nany proportional to d, so that there _ 
no mathematical minimum. Hence, for practical design, we have 


i to take simply as small a : salen for d as may be consistent with a 


maximum value for (one of the other two variables), , while 


of them may be expressed as a function of either of the — 


= 
@ 
a 
of 7 

= 
a “ 

— 

— 

| 

7 

q materials. Then, as in the paper, _ 
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th. For example, let e = 16, r= 20, w = 8 lb. per sq. in., ern 
(801 that m m = = 10000 in-lb. and = 16 000 Ib. per sq. in. With 
these values, th then, from Equation 6c, 
~~ 30 000 X wld, 0.00815 = 0.0903 sq. 

X 16 000 [60 + 32] 


for from Equation 5c, 


this would make the percentage of s a 
_ (referred to the concrete above the steel) ; and the value of F,im- | 


_ plied in the assumption of r= 20, is 16.000 -— 20 = 800 Ib. pe 4 


Vil 


Secondly, take r, a, and T variables. Equation 9¢ will serve 


in this case also; ‘that i is, 


d. 

as a function of the one r, d being a 
this case. _ Evidently, x decreases with an increasing r. _ Here, 
again, there is no mathematical minimum for z (for any positive 
an of r) so that a practical use of the relation would be to take 

as large a a value for r as would be consistent with a maximum safe 
value for T. For instance, with 7’ = 16000 lb. per sq. in., 
a 10 in., e = 16, and m = 10000 in-lb., it is found, from Equation To 
(solving by tr trial, since this Proves to be a cubic equation), that the — 

value of r = 26.8; which, in Equation 5c, gives a value of 0.0719 

sq. in. of steel for a, implying 0. 719% of steel (if the steel is com- — 

pared with the concrete situated above it). With r = 26.3, the — : 
= of F would be 609 lb. per sq. in. W ith values of r smaller — 

than 26.3, the cost would be greater, and both 7 and F would have ~ 
smaller values than the above (in this s case of constant d, etc., and i a 

variable r, a, and 7’); and neither material would to its 


‘Thirdly (and 1 this” is the most important: and 


there is an vas a function of one vari- 


Bm 
Vr 


a! To obtain a ia of r for minimum cost, the differential coefficient | 
with -Tespect to r be to zero, and the result- 


of high degree that a simpler is to compute 


aa 
7 
on 
=8.12im 
| 
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number of values of r and note the oceur- Mr. Chureh. ra 

nce of a minimum ry 


The writer has done this for ‘seven values of r, 
: 4 to 50, in an — im which ‘there is given m = 10000 in- “lb., - 
4 


by Since the entichie part of the expression for x is the factor in 


_ the bracket, let the other (constant) factor be denoted by C. The 
foe x have been 


20, = 616 
p=, 62.90 
= = 60.60 
= 50, x = 818 C 
4 It is seen that j in dina case x has a mathematical n minimum, and 
that it is reached for a value of about 18 for 7; and it is also notice- __ 
le that as r changes from 15 to 25 the variation in the cost iscom- 
aaa Therefore, it may be said that in this example the cost is a mini- 
mum for r= 18.* Hence, with T = 16 000 lb. per sq. in. the value 7 
of F would be 888 Ib. per sq. in. If it were desired that the stress 
in the concrete should not exceed, 8 ‘say, 600 | Ib. per sq. _in., this could -_ 
- be secured by adopting for r the value, 26.6, and the resulting bh! 
coat would be but little in excess of that (the Ds corre- 


As to the values of a and d, corresponding te r= 18 in this 
it is found, from ic, that = 54 in.; a and then, 


«cost, = pa d, is ais in this case), and 

that, consequently, the variable part of x is directly proportional to 
the height, d, and will be a practical minimum when d is made as = a 
small as possible consistent with a maximum safe value for T, — 

3 the other variables. Hence, this case is virtually the same as i 

already treated. W hen the d has been computed for a proper T 
the corresponding values ot r, and later that of PF, are easily found. 


. 
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tions of the straight-line, stress-strain relation, it is thought that 4 
EEN 


LOOR SYST. 


curve had been used. — 


R. 4 Assoc. M. Ax. Sec, E. (by 


ah na concrete formulas, but Captain Sewell’s paper has served a a 
what ‘similar, The writer wishes to add the following 
tothe subject in generah 
Nearly all writers have adopted the ultimate- strength 
designing, but the writer believes this is a a mistake. The evolution 
_ of rational designing shows a continual substitution of simple for- ; 
« mulas of wide application for complicated ones of narrow applica 
tion. For instance, there was a time when column formulas ‘were 
entirely empirical. . At ‘present they are rational in form, with, per- 
haps, empirical constants. In fact, nearly the whole science of the 
_ mechanics of materials is derived from Hooke’s Law—a simple law 
of wide application, 
The common beam formula has been hotly disputed in the past, 
. because it did not represent the actual conditi ons at the ultimate 4 
— period. It would seem that reinforced concrete formulas a 
are passing through a similar period of development; and that, ia 
finally, a ‘simple formula, having a straight line in ite stress-s strain 


writer’s experience in ‘concrete has been confined 
= im is rather astonishing that, in the voluminous discussions of 
the past few years, no one h 
of designing a reinforced concrete section for combined thrust and Ca 
4 moment, on the supposition that steel takes tension only and ison 
_erete compression only. Edwin Thacher, M. Am. Soc. C. E., pre- 
sented a formula, some years ago, in which concrete is supposed to . 


_Writers who adopt the ultimate: -strength method of designing 


for combined thrust and moment. thus bar 
=o ‘ rational design of reinforced concrete arches. As i is well known, at ; 
any section of an arch there may be combined thrust and moment. q . 

on _-It may be well to state that all formulas and methods of design- o 

arches are base on the assumption of a line in the 


writer has before him pamphlet—widely circulated 
throughout the Middle West—which purports to apply the ultimate- a : 
8 trength method to arches. The author of the pamphlet uses the | 
ommon elastic Game for locating the pressure curve—a 1 parabola 
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in the case ‘tited— -but, in designing the individual sections for com- Mr. sailing 
bined thrust and moment, he attempts to use the ultimate- strength = 
method. These are some of the vagaries in the development of 


In designing the sections of an arch, the writer first used 
- Thacher’s formulas,* but abandoned these in favor of a method - 
which concrete takes no tension. 5 He presents the following as an 7 
easy and rational method of designing a section for combined pata 
Let Fig. 31 represent two short blocks, having steel on one side, TT 
os shown, and subject to an eccentric compressive load. This isa ow 
_ typical case in arch design. Then, granting a straight line in the - 
7 ai -strain diagram, no tension will occur in the steel as long as the ; 
Toad acts: within the middle third of the concrete section. _ The small Py. 


‘When the load is at the far edge the middle third, the com- 

pression on the far edge of the concrete is twice the average, and 
tension in the steel is about to take place. 
A movement of the load into the far third produces fortiee « com- Et: 

_ pression in the concrete, and causes tension in the steel. It is 
evident that this extra pressure, and tension in the steel, is directly 

jon to the distance of the point of application of the load b 

beyond the far edge of the middle third. 
en simple beams, the writer uses the straight- line formulas, — 


Transactions, Am. Soc. Cc. E., Vol. LV, p. 188. 
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im 
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and for anion | in the steel, is equal ne the distance of the point of 7 
application of the load beyond the far edge of the middle third, 
multiplied by the load. . Use this moment as if, it occurred in be 
. simple beam, determining the extra pressure on the concrete, and 
- tension in the steel. _ Add the extra pressure to twice the average — 


Tt is well to remember that the middle-third theory is base on a 
- gtraight line in the stress-strain | diagram, and cannot be used in neal 
ultimate-strength method of designing, 
‘The writer would like to see an ann ocate of the 1 ultimate- strength 


4 
¥ 


It seems to the writer that the present field of f engineering ue 


ature on reinforced concrete is being turned into a vast mathemati- 


cal gymnasium. An engineer is not primarily a mathematician, 


 Grorce Hit, M. As. Soc. C. E. (by letter)—Although rein- 
forced concrete has been in use now for some few years, and the 
literature on the subject is becoming voluminous, a lack of agree- 
a ment is still found in regard to facts. _ Relatively few tests have 
been ‘made, and there are imperfections in the observations, tending 
to minimize the value of these tests, the majority of which have 
been for commercial rather than engineering purposes. == Meg 
_ In glancing over the literature on the subject, the reader will 
notice that as a writer gains experience in the actual use of rein- — 
forced concrete his views regarding it change. | He is more wary y in 
using indiscriminate tests, is apt to make more for himself, and is 
less certain that he can solve all problems theoretically. This would — 
- indicate the desirability of less work with pencil and paper and far 
work with a testing machine » before the the application of the 
r 
— 
In certain tests made by the w riter* he was struck by the simi- 
larity, in reasonably good slabs, of what might be called the load 
curve. All these tests were made with 8 portable hydraulic testing 
having a recording apparatus. Pains were taken to 
reasonably uniform application of the load, ‘and to record the 
_ deflection constantly, so that for each test there was ‘8 graphical 


ctions, AM Am. Soc. Soc. C. E., » Vol. l. XXXIX, p. 617. 


Mr. Leffler. The following is the writer’s simple method of designing for com- 
= bined thrustandmoment: 

q 

| | 

— > 

e assumption of a straight line in the stress-strain diagram 4 
at. leads to simple formulas of wide application, and hence is bound to q | 
4 
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os in 1 plotting the results. fe ~All the load curves indicated an 
a elastic limit point for the combination, which also appeared in the 

deflection curve. In the writer’s opinion, tests which stop short of ‘ 
the destruction of the object tested are of no value, and these con- — oa ae 
stitute the bulk of the public tests during the past five years. Tests : 
_ which do not indicate clearly the behavior of the | piece under each — 
increment of load, and those made for some especial purpose, with- _ 

“out photogzapha, are of but little value, as the observations are open _ 


“4 further tests. SABO 
Another serious 18 difficulty i is the lack of uniformity in the con fal 
crete. In the writer’ opinion, 
subjects for present are the of a 
by commercial methods having fairly uniform characteristics which ~ 
can be predetermined, and the testing to destruction of reinforced 
-cop-rete members, under conditions which will secure graphic — 
-- records of the load, its rate of application, the deformation at each 
_ instant, and the appearance of the piece tested at certain critical il 
periods, 
ie The author, on on page 263, states as follows: 4a 
Therefore it seems justifiable to assume that a formula such as 
Equation 6 can be made just as accurate as any of the forms of 


Equations 1 to 6, especially if its be determined from 


teste designed with that end in view.” 
With this, the writer is in full a considerable ox extent, 


: it supports the view he expressed in his paper* presented in April, 
1898. _ While engineers may feel that it is too simple : asolution for 
men of their mathematical attainments, yet, as they are charged with | _ : 
- the duty of getting full value for their employers’ time as well as — 
their own, they should realize that the — state of the art ad- 
‘The writer doubts very very much the value of the Geevetioal discus- 
sion of maximum economy by the methods of the calculus. 
~ only does the cost of the aggregate vary in different localities, but fy 
varies constantly in the same locality. Owing to the beneficent 
rule of the labor unions, one may in one locality pay for labor at 
$1.75 per day, to-day, and six months later be required to pay $4 
F, per day for the same work. During one month it may be found that 


4 


4 


certain style of form, or centering, which is relatively 


See. | Cc. E., XXXIX, p. 617 p. 617. 
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Hill. none of the former centering is available. Therefore, it follows 
_ B- that whatever may be the most advantageous for one job may ~<a 
very ‘uneconomical for the following one. The writer believes thet 


formula can be devised which conditions, and be 


the ninety-four tests published in writer’s paper, 
viously referred to, he observed in no case any necessity for web 
m reinforcement, and, in properly designed commercial structures, he 
4 doubts the necessity or desirability of such reinforcement. In rela- — 
tively deep and slender T-beams it may be necessary, but it is 
questionable whether or not it is commercially desirable to design 


The writer is heartily i in 1 accord with 1 the following statements by 


accuracy the complicated formula, which is not at all justified; 
on page 257, in regard to the | desirability of taking conservative _ ‘ 


to the experimental determination of the maximum allowable per- 
centage of reinforcement; on page 263, heretofore referred to; on 
page 267, that the best that can be done is to use as large a per- 


“ values for the maximum . allowable stresses ; on page 261, in — 


centage of steel as the concrete will stand; on page 278, . that a 


mechanical bond is to be preferred to simple adhesion; on page 284, 
that it is of importance that the floor slab and the part of the beam 7 


page 286. 


hydration of cement, the facts may be as stated by the author; the 
~ eonclusion that this damaged material must be removed does not fol- 
low, for, if the tensile strength of the cement is neglected in the 
_ computations, , this material is only used as a protection for the steel, = 
and if it performs that function it “might | as well be left. It will 
perform that function if a wire netting or other similar substance be 
oe used for the sole purpose of retaining the cement around the rein- 
; forcement. It is to be earnestly hoped that this paper will attain its 
main n object, as explained in the last paragraph on page 286. 
Engineers who design reinforced concrete should come to an 
7 agreement in regard to the most desirable method of making tests; _ 
: a. in regard to practicable formulas which can be applied in design; 4 
ee regard to formulas applicable to floor slabs with numerous sup- = 
; r¢@ ports; in regard to the shrinkage of slabs and walls in setting; in “<_ 
- regard to a provision for either the elimination or localization - oe 


-eracks; and in regard to the commercial limitations which, in gen- a 


eral, should apply i in the design | and construction reinforced con- 
It would be hard to imagine any “better of 
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in the ye of this paper by Mr. Goodrich, and the meite of 
tests published in the engineering press. In each case there “a 
to be a failure to describe certain conditions in the loading, or the — _ 
Bey omission of other elements, which \ would explain the great diversity — 7 7 
in results, and harmonize what appear to be diametrically opposed 
conclusions. These tests give certain general data, and then 
certain conclusions; but, one series of tests will be made by apply- — i 
a concentrated load at one point in the beam; another series 
will be » made with a different | style of reinforcement, with a load — by 
= at two points in the beam; a third series will be made with 
_ the load normally uniformly distributed, and using virtual knife- — 
edges 1 for the support of the beam; and still another will be made 
Bic ith a ‘normally uniformly distributed load carried on broad sup- 
ports, and extended over the supports in ‘such a way as to produce 
4 partially fixed condition of the beam end. 
ee In some cases, pig iron is used; in other cases, bags of cement; 
in still other cases, bricks; while, in a few cases, hydraulic pres- 


gure is applied. — In ‘nearly all cases the observations of deflection = ee 


are defective. In none of the published cases are there shown any 
_ charts giving the rate of application of the load, its amount, and 
the corresponding deflections. The tests almost. 


4 


Fornseorys in regard | to ‘the aggregate and the percentage of the 
follows, therefore, that, in of the mass of information 
gradually being - accumulated, much of it is so deficient in detail as 
to be unavailable. There exists an urgent need for a series of 
tests, conducted by some independent party, using two or three dif- y 
ferent kinds of reinforcement, using varying amounts of reinforce-_ 
- ment variously disposed, and with different styles of loading and 
characters and proportions of aggregate. 
-Were a series of tests made, it is probable that the reference to 
_ arch action, as a means of explaining the large carrying capacity 
@ continuous beams and girders, would be omitted. In fact, it is 
hard to understand why reference should be made to arch = 
when, confessedly, engineers use as as much steel as is “necessary nl 
_ develop the full compressive resistance of the concrete; and the 
increased carrying capacity of the beams can almost always be - 
‘plained, either on the assumption that the factor of safety is re- 
duced to 1 or by applying the accepted formulas for beams « = 
tinuous over several supports. Mr. Goodrich mentioned many tests 
33 had been made by him. These tests might be of very great * : 
value to the profession at large were they fully described, and it 
to b be e hoped th that will give a record of them. 
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lig hen the number of tests on the metallic materials of construc: 


$< Fe * ‘tion is compared with the tests on which practice in regard to = 


ay _ foreed concrete is based, engineers will realize on what meager data 


¢ are building, and will probably agree with the writer that, 


spite | of the relatively large volume of theoretical discussion, ‘they 
are really dependent on empirical results gn entirely. ae 


SHEARW 00D, M. AM. Soc. C. E. (by letter).—Captain 
wood. 
Sewell’s advocacy of a “system: which as far as possible 
all uncertainties in this popular mode of construction will recom 
Although the various formulas for computing the same. of 
beams do not differ greatly in their final results, the many discus- _ 
sions on the subject, by their very existence, prove that the dis- 
tribution of the stresses (especially of the so-called shearing stresses) 
is still an unsolved problem, a clear conception of which is not yet a 
Tests on specially prepared specimens, or on such as have been 
watched during do not by any means 


The writer believes that tests, almost have been. mate 


for a single loading, and it is as yet probably unknown whether 
_ beams of this construction do not deteriorate under frequent load- | 
ings. Many authorities seem to admit that the concrete in the 


_-Feinforced or tension side of a beam is strained beyond its strength 
when the beam is loaded to its working capacity, therefore it 

- follows naturally that it is more or less injured, and possibly serious — 

will occur with frequent loadings, 


‘the v very small deflections recorded under test, loads on these 


4 concrete is a for Ww hich it is not and 


its. adhesive « qualities ‘should be be 
fore reliance is placed « on the permanency of reinforced concrete. A 2 
_ A series of experiments to discover whether reinforced concrete — 
_ ean fail by fatigue, or to find out at what unit stress concrete can 


‘ be strained when ‘reinforced, without deterioration, would | be a 


yee addition to the useful know ledge on this si subject. aed 
MANSFIELD an, M. AM. Soc. E. letter).— The 


th 
the work for which it was designed, and therefore 
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4 forced beam can be analyzed with at least the same degree of con- 
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q | design of beams, because his curve giving the distribution of stresses — i 4 i 
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under compression. WwW hile his “Equations 1 to 5 
= _ apply very well to cases of the rupture of beams, they seem to be 
__ inapplicable to problems of design, since the stress-strain curve for 
ppt ure is very different from that which prevails when the concrete ; 
is stressed only to such values as are allowed by specifications. The 
unit stresses that appear i in these formulas are those of the ultimate 
compressive strength of the concrete and the elastic limit of the 
steel. In designing a beam, however, the allowable compressive unit 
stress in the concrete should not be higher than about one-sixth © 
of its ultimate strength, and unit stress in the 


first, to divide his f, and ¢, by factors of in 
: order that the working unit stresses may agree with those required . 
by» the specifications; or, secondly, to multiply the given 1 maximum 
_ bending moment by a factor of safety. © While both these n a 


- are often used, it is maintained by the writer that both are illogical, © 
and that neither of them leads to reliable results. When a beam 
‘is to be designed to carry a given bending moment under assigned 
"stresses, the ‘design should be made from formulas in which 

that | bending moment and those unit stresses appear, and these 

cannot be derived except from stress-strain curves which 
agree with those unit stresses. The object of establishing formulas — 
design: is to determine the proportions beams which shall 
the safe required unit stresses under the given bending 

moments. Such formulas cannot be expected to apply to cases of 
rupture, neither can formulas set up for cases of rupture be ex- 


to give reliable results in designing. 
The author’s conclusion, that the greatest economy is secured 


‘jn designing a reinforced concrete beam when the cost of the steel 

be. equal to the cost of the concrete above the steel bars, cannot be > 
-aecepted by the writer. The author’s investigation, starting with co 
his Equation 10, seems to be incorrect, because it assumes the depth, 7 

a to be a variable quantity, while his Equations 2 to 5 determine © 


for given of the unit stresses. is to say, 


+2. 


the assumed unit Row, if these « are ty 
- the fundamental equations, it is certainly not in order to” 
_ derive one or both of them later by supposing that they are variables, 


an > which ch contradicts the fundamental 


Merriman, 
Wy 
itm 
a 
ag 
— 
~, § 
a 
fi = 
ia 
 $train curve adopted by the author, give the depth, d, of the beam, tm 
| — 
Another objection to the author's investigation is that he = ae 
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uation iin as the constant page 0.85, after having 


2 to 6 will show that this fixes the steel 
section area at 1.13%; ; a and, after the percentage | of steel is thus fixed, 
it is difficult to see how it can later be made to vary vary with the rela- - 
tive costs of the steel and concrete. 
_ There can be no doubt, however, that ins ‘proper design of .q 7 
reinforced concrete beam involves the question of minimum cost. 
This, in the writer’s opinion, is be determined by selecting 
_ proper allowable values for the unit stresses in n the steel and con- a 
erete. For the concrete the highest compressive unit stresses allowed 
s by the specifications should be used, usually about 500 lb. per sq. in. a 
for 1:2:4 concrete, and about 350 lb. per sq. in for 1:3: 6 concrete. 
4 The - ‘tensile unit stress for the steel, however, cannot be arbitrarily. 
assumed, but must be selected so as to make the cost of the beam a 
- minimum, provided it be not greater than the highest value allowed — 


in the fae ae If the tensile unit stress for the steel is wil be. 


used should be the total cost of std 


line, and ones a line should be used above the neutral 
in order to deduce formulas for designing. Under a small bending 
= rt moment, there i is igor tension i1 in 1 the concrete on the lower side of - 


tensile of the concrete, so that hair cracks occur. 
_ The entire tensile resistance of the conerete below the neutral ie s 
however, cannot be entirely overcome, but tension exists for a short Bry 
| , Soe ‘distance below. that axis, and should be taken into account in = 
deriving formulas for the design of beams. The stress- strain 
 eurve these tensile stresses is known to differ somewhat from 
_ straight line, but, on account of the small area under tension, %t @ 
be considered as as straight for a certain distance. 


>) ina For 1:2:4 concrete the allowable compressive stress is about 500 
Tb. per sq. in., and the ultimate tensile strength about 250 lb. per 
‘ss sq. in. For 1 3: 6 concrete the allowable compressive stress is about 
3501 Ib. “per sq. in., and the ultimate tensile strength about 175 Ib. 


per sq. in. the ultimate tensile strength of concrete is 
_ one-half of the allowable compressive stress on the upper a 


— 
— 
Mr. Me 
— a 
~ 
| 
4 if if ic talon low the section of the rods will he large = 
lt : 
va 
’ 
a 
— : 
2 “Orme veam. Leto pe we compressive unit stress allowed by the 
a specifications for the upper surface of the beam, and n be the 
distance of the neutral axis below that surface; then, under a 
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— 
line law, “the greatest tensile unit stress in the concrete Mr. Merrin 
will be 3C at the distance, 4n, below the neutral axis; but, on 
4 account of the known deviation of the stress-strain curve in tension — 


from a straight line, it will b be best to apply that law only as far 


as 0. 3n ‘the neutral axis, thus. making 0.3C the greatest 
tensile unit stress, and neglecting all tensile resistance lower than 
0.3n from the axis. Fig. 82 shows, then, the internal stresses 
_ proper for consideration in in - deriving formulas for the design of 
_ The equations of equilibrium ee a rectangular beam of breadth, 
* under a given bending moment, M, are now readily written. 7 


‘unit stress in ‘these ‘rods. 
=. The first condition is that the | sum n of all: the horizontal tensile 


; AS=0455bn0. 


The wand condition is that the resisting moment of ‘all these 


stresses shall equal the bending moment. Ry Taking the center of 
moments at the neutral axis, this condition gives 
AS (d—n) + 0.0456 nC (0.2n)+40nC (Gn) = UM. 

To these two . conditions of statics must be added another which 
States” the experimental fact that changes of length in horizontal — 
lines on the side of the beam are proportional to their distances _ 

7 from the neutral surface. Let E, be the modulus of elasticity of 
the concrete, and E, that of the steel; then the s shortening of a unit Can 


a length of the uj upper surface of the beam is —, and the dengetion 
of a unit length of the steel is —, and oe are proportional to the 
n and d—n. Accordingly, 
is the third condition. 


— 
— 
— 
— 

4 75 

= 

<i 
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Mr. Merriman. When a beam is to be designed, there are given its load and 
™_ span, which determine the bending moment, M, the breadth, b, the 
E, and E,, and the allowable unit stress, C, for the con- 
rete; usually, the: allowable unit stress, S, for the steel is also 
9 assumed. Then the solution of the three equations above written | 
will give the values of d, A, andn. 


| in "which, for the sake of abbreviation, ratio, 


= first of these formulas gives the depth, d, hence, 


the section area, b d, of the concrete above » the reinforcing rods, ia 
while the gives the section area of the steel. The determina-— 


ny e, is approximately known for each class of concrete. © For all 
a - ‘kinds of steel, _E, is closely 30000000 lb. per sq. in. For 1:2:4 
_ concrete, E, is about 3 000 000 Ib. per sq. in., _and hence e is about 


10. |For 1:3:6 concrete, E, is about 2 000 000 Ib. per sq. in., and hence ; 7 


e is about 15. _ The unit stress, C, should be taken as high as allow- 
able by the specifications, in order to make the depth, d, as small 
as possible. As for the unit stress, 9, it is also often customary to 
take the highest allowable value for steel given in the specifications, 
but it will now be shown by a numerical example that this practice . 
leads to uneconomical design, 


‘Tet it be required to design a reinforced beam of 1:3:6 sii: 


15, the highest allowable unit | to 


350 bb. per sq. in. for the | concrete, and 17 500 Ib. per sq. in. for the a ; 
Steel. Let the breadth of the beam be 12 in.; the span, 14 ft.; and 


Hence, the maximum bending moment, M, is 88 200 lb-in. . Using 
- these data, Table 6 gives the depth, d, computed from the first a 
the above formulas for five different values of S, after which the © 
corresponding section areas, bd and A, are found. Each of reo 
team has the strength required by the specifications to carry the a 
given bending moment with the assigned degree of security, | but 
their costs are different. If the cost of the steel is 60 times that of — a 
; a the concrete, then the sums, b d+ 604A will be proportional to the | 
costs for the five cases, and it thus appears that the selection of — 
500 Ib. per tensile ‘stress in in the steel, 


q 4 a 
4 
g 
— 
— 
— 
_ of the beam when the breadth, b, is given, 
ta: 
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- stress is taken at 12 500 lb. per sq. in. . Hence it is plain that the mr. Merriman. — 
‘selection of the value | of S is a matter of some importance. a ae prs : 


_ in pounds per in square 


inches, ine 


184.4 
§ 145.3 4 = A 
12 500 156.0 


= 


Since both b d anit A may eee in terms of S, it follows 


t 

at the value of S which renders the total cost.a minimum is a 
pone of pure mathematics. Let p be the ratio of the cost of one — 
cubic unit of steel to that of one cubie unit of concrete; then the 


value of S is to be obtained which renders bd -+pAa 


since b d + p A is proportional to the total cost of that part of a 


the beam above the center of the steel rods. For the sake of ; 


Ss 
viation, let r represent the ratio, - or =r C, so that 8 


is — as soon as r has been determined. Then the values of Ey 


Mb 


0.4556 


Multiplying the by the sum, 


b — p A, with ape to r, equating the derivative to zero, and ~ 


as of r is required in order that the cost of the 
> beam shall be a minimum. — Equation I is the first formula to be i 
used in designing a reinforced concrete beam. For example, let . 
© = 10 for 1:2:4 concrete, and p = 60; that is, let the cost of the ~ 
_ steel per cubic unit be 60 times that of the concrete; then r = 28.7, 
: or the unit stress, S, for the steel, must be 28.7 times as great as 
the unit stress, C, for the concrete. > 


After r, has from Equation the 


’ 
- 
; 
il 

3 
| 
« 

a 
— 
— 

4 


Mr. Merriman. distance of the rods below the y the top ) of banal beam is * be computed — 


and ‘the section area of the steel is found 
enn _ three formulas enable the design of a reinforced concrete 
beam to be made which will carry the given bending : moment, , M, 
with the required ‘degree of security, and also be more economical — 
- than one of any other dimensions. If the question of economy _ . & 


if 


for a any unit stresses, Cc and 8, the ‘ratio, 


the numerical value of Cc 
7 a. The distance of the neutral axis below he top of es beam can 
also be stated in terms” of r, and also the ratio of the cost of 


from which the neutral axis can be located, and the cost a ; 
steel relative to that of the concrete computed. Rew wen 
Tables 7 and 8 show the relations between the different quantities 
more clearly than can be shown by formulas. These tables have 
been computed for seven values | of p, ranging from 30 to 90, ‘this 
~ quantity, p, being the ratio . of the costs per cubic unit of steel and 


— 


concrete. Column 2 shows the values of r which must be used in a 
order that the beam shall be of minimum cost, this ratio, r, being — q a 
from Equation and being the ratio of the tensile unit 


concrete) gives . values of 8 in pounds per square inch when C is 
taken as 500 lb. per sq. in., and Column 8 of Table 8 (for 1:3: 6 
a concrete) gives values of S when C is taken as 350 Ib. per sq. in.; 

these columns show. that the unit stresses” for the steel should. 
decrease as steel becomes cheaper with respect to concrete. 

in, Column 8 in Tables 7 and 8 gives values of u to be used in 
Z ‘computing the depth of the rods below the top of the beam en. 
_ Equation II. Column 4 gives the values of v for computing the 
_ section area of the steel from Equation: III, and these numbers 


7 = t e. Column 8 of Table 4 (for 1: 2 4 


with ee " the concrete section area, b d; these columns show > 
4 


se! 2 ‘multiplied by 100 give e the percentage of section area of the steel | 


— 
bis 
— a 
— 

— 

| 
4 
— 
| 

— 

— 


y, t nat the pereentages of steel section to be used should increase as ‘Mr. Merriman a 
decreases, and also that 1:2:4 concrete requires a slightly larger 

3 percentage of steel than 1:3:6 concrete. _ Column 5 shows the posi- | 

3 tion of the neutral axis when the beam is stressed under the given 

moment; on the | average, this axis is about 26% of the 

r — depth nad the top for 1:2:6 concrete, and a little lower for 1:3:6 

ys “2 Column "7 gives the ratio of the cost of the steel to that of the 

y concrete, as found from Equation V, and this is seen to be not far 

xf oe from 25 per cent. Column 7, headed “Approximate relative costs,” 


contains numbers which apply to reinforced concrete beams when 
properly designed by the method here presented. Ih computing 
these numbers, the allowable compressive unit stress, C, has been 
taken at 500 lb. per sq. in. for 1:2:4 concrete and at 350 Ib. per 
sq. i in. for 1 3 6 concrete, and 1 no > allowance for nengunaamns in cost 


a5 


the rods has been made. Under this 
cost of reinforced beams i 7 about 10 or 11% higher when ns lower ail 


> 


| 0.26 
0:85 
0.24 


| 0.26 


iv 


ro rw 
wr 

hal 


“ta 

15100 

14400 

800 

12800 
200 

‘10200 

83800 


i 
q 

— 
a 
; 

= 
} Ratio,| |. a 
ia 
0,22 7500 — 
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so that this may be weed for com- 
~ ares stress. This formula, of of course, is only o one of many 


stresses below the neutral surface, each assumption giving a ila 3 
:. expression for u. While the common assumption, that the apenncdll 
below the neutral surface offers no tensile resistance, leads to some- 
what different formulas for u and v, the numerical results aunt 


from them do not differ materially from those above given, as far 
: as the values of wu and v are concerned, although they give the a 
} 7 —) of the neutral axis somewhat higher. The writer has also | 
worked out formulas and tables under the assumption that the _ 
tensile stresses in the concrete extend to the distance, 4n, below 
the neutral axis, and finds that this gives the depths of beams “a 
gration areas of reinforcement about 3% greater than when no ten- f 
enn in the concrete is considered. Hence, neglect of the tensile re- _ 
_ sistances in the concrete is not on the side of safety when beams are e ; q 


‘The writer’s regarding: the ; proper design of rein- 
forced concrete beams are as follows: 
_ 1,—Formulas deduced from stress-strain curves of concrete tested _ 
to rupture in compression a: are irrational an nd unreliable for the 
2.—After the three fundamental equations have been written 
_ 4 for any assumed stress-strain line, no further assumptions regarding 
the neutral axis or the aver arms of forces ean be made without | 
introducing co contra 
$.—When the unit stresses, and are tin three > 
<i equations determine the depth of the beam and the __ 
The practice of using for structural steel a tensile stress as 
: high as one-half the elastic limit leads to uneconomical design, un- 
less the cost ae steel per cubic unit is greater than about 90 times — 3 a 
the cost of 1:2:4 concrete, or greater than about 100 times ie | 
5. The unit stress, S, to be used for the steel rods, should te 4 
7 _ that the cost of the reinforced beam shall be a minimum, and 
_ this value may be ascertained from Equation I. 


q 


6.—When no precise information is at hand, regarding the rela-— 
costs of steel and concrete, the of ‘in Equations IT and 
4 
V, may ay be tal about 31 for 1 : 

1:3 : 6 concrete. This gives ontion areas of the steel as 
snd 0.39% for these two classes of concrete. 


.—Steel with a high elastic limit should not be e used for 


384 prscussion: — 
— 
a 
— 
4 
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tm 4 
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— 
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‘al — rods if its price per pound is aie ‘than that of structural mr. er 


medium stele 
—Some formulas and tables in use require percentages of steel 7 
section area to an extent which ‘not only unnecessary, but waste-— 
ful and extrav: ragant. The highest s steel section area which ‘may be 
used for economical design is 0.75% of the concrete area above the 
rods, and this is only allowable when the cost of steel per cubic © 
- unit is as low as 30 times that of the concrete. a sees 
—For economical design, the cost | of the steel is about 25% 
of the cost of that part of the ‘concrete which lies above the centers a 
_ of the reinforcing rods. The use of steel to an extent which renders _ 
its cost equal to the cost of the concrete section, b d, leads to un- | - 


high-class concrete, for which the modulu of elasticity 


is ie 3000000 and the allowable compressive stress 500 Ib. per 
, is more economical for than a concrete 


Pat 


350 sq. in., .. unless the cost latter concrete is at 


least 10% less than that of the former, au 


H. Perxins, Assoc. M. Am. Soc. C. E. (by letter).—That or. Perkins. 
the moment equation for a reinforced concrete beam, as determined Pee 


by: any of the rational formulas for a given value of ha approximates ‘ 7 
Si very closely to a straight line, is a familiar fact to engineers work- _ 
ing with curves such as those published in Engineering News by 


‘Mr. Schaub as long ago as April 30th, 1903. _ There’ the momen t 
curve is plotted with a8 ordinates s and as “That | 
the curve with “ constant and t, and — the varying elements also 


approximates a straight line, is new, and the resulting. general _ 
equation is extremely simple. ‘ There is a general feeling among engi- © a, 
neers, _ however, that what is wanted is not so much accurate 

_ formulas, although | they are desirable, as_ accurate constants for 
use in formulas. Knowledge of proper values of FE, could hardly uf 7 
be in a more chaotic condition, and an extension of the knowledge a 


of the proper percentages of reinforcement to be used with various 
_ mixtures would be received with Pleasure by most engineers. ; How- 


Pa 


That 0.8 represents the ‘ ‘reliability factor” of ‘ie strength of 
concrete, as compared wit with ‘steel at its duiiie: limit, will | be ques- 7 
tioned by many engineers. The elastic limit of concrete is not more 
= three- ger of its ultimate strength for the leaner mixtures, 


6. This is shown clearly by the data presented by 


—— 


— 

“4 

| 

— 

— 

— 
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q 
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Mr, Perkins. . Professor Hatt* by the Talbot the richer 
‘mixtures, more common in reinforced construction, the elastic limit 


is probably a somewhat greater percentage of the ultimate ) strength. — 
‘3 In addition, there is the variation in the strength of the same grade 

of « concrete. It would seem, therefore, that it would have been better 
have left the factor, 0.8, out of the equations, permitting the 
user to suit himself or the conditions in choosing the corre rreeponding — : 


writer ‘observes that he by his analysis ‘the 
_ same position for the centroid of pressure that was obtained by a 


Talbot by Yr of y, above the neutral axis) 


beam may be reinforced, ‘it will fail as 
: aaa as the elastic limit of the metal is passed unless the percentage 
of reinforcement is below that which develops the full strength 
ithe concrete at the elastic limit of the metal, for the reason that 
ts ‘when the elastic limit of the metal is passed the neutral axis rises 
~ arapidly, and the unit stress in the upper fiber of the concrete 
-jnereases. Hence, designing a beam that will not go to pieces when © 
; 4 the elastic limit of the metal is passed, involves under- reinforce- 
ment. | Web reinforcement is necessary, of course, under certain 
-.eonditions, and -desirab le under nearly all conditions; 
however, it will not produce impossibilities, and should not be 
ee expected to produce a beam that will not go to pieces soon after _ 
the elastic limit of the metal is reached, if the percentages =o 
_ reinforcement recommended by the author are used with ordinary a 
a mixtures. The elongation of 30000-Ib. elastic- limit. ‘steel at 
elastic limit will be 0.1%, and between the elastic limit and the 
i. ultimate it will be about 25 per cent. For steel of 50 000-lb. elastic — 
7 limit, the elongation at the elastic limit is 0.17% and at the ultimate — 
per cent. throw the author’s Equation into the form 


where k= n and n= 


i is true for any shape of the stress-strain curve within the — 
elastic limits of the materials, and may be used to find k at ae 
ultimate by putting for t,, 250 times t, for steel of 30000-Ib. 
elastic limit, or 88 for steel of 50 000-Ib. elastic limit (t, cna | 
the stress at the elastic limit). . * is evident that these values will 
j 


> 


give such attenuated values for k that the amount of reinforcement 

. 4 permissible would be “the ghost of a departed quantity.” at i 
This leads directly to the vexed question of date of safety. 
If the concrete be reinforced up to the point w here the steel reaches 

_ the elastic limit when the upper fiber of the | concrete | is at its. ie 

q ultimate, then the factor of safety of the concrete is only half that — a 


* Transactions, Am. Soc. C. E., Vol. LIV, Part E, + PP. 587 et seq. — Fy 4 
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4 TABL E 9. Perkins, 
+ 


Mixture. 


500 { é 8: 


, and that is is 
a 


a waste On the other hand, i if’ a be taken 

helow the above-mentioned value, the beam goes to pieces before the © 


full ultimate stress in the concrete is used. In other words, there is 
no way to utilize the factor of safety of ‘3 that steel has between | 
_ the elastic limit and the ultimate strength. Of the two horns of the — 
dilemma, it is clear to the writer that stressing the concrete below ae _ 
its ultimate is by far the shorter horn, and the better engineering. 


writer, therefore, would use, in the author’s formulas, the 


values 8 - , and Fs shown it in Table 9 9 modified d by leaving out the J : 


a larger’ value of say 12, should be taken for ‘the 


8: 6 mixture. » This would make the resulting vy: values of 5 > slightly 
To th the in ‘Table 9 the w writer would ld apply a factor 


PEARSE, Jun. Am. Soc. Ee (by letter).—The writer mr. Pearse. 
read Captain Sewell’s interesting paper and the -diseussion 

thereon with much pleasure. He would like to add a few notes 
7 Bes the stress-strain curve of concrete in compression, based on 


tests made for the Boston Elevated Railway.* 
hese notes, “made in connection with a thesis at the Massa- 
-chusetts Institute of T echnology in 1902, refer only to the 1: 3:4 


mixture. Plots of the stresses and strains were made on logarithmic 


** Tests of Metals,” U. S. War Dept., 1800. Le 


— of the well- known ‘property that the logarithms « of points: on 


0.278 | (0.0058 | 1-500 250 | 10 | 1:8:6 
(| 0.286 0.0085 | 200 | 300 1000 | 
(| 0.281 0.000 | 1 500 2500 | 
a steel, a condition the reverse of what it should be — = 
= 
j 
‘a 
4 
j la 
— 
a 
— 

— 
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Cement. 
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ermania. 
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Germania. 
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3 mo. 
6 mo. 


2.043 


1.011108 
2.207 107 
3.802 10° 


1.4 


3.04 «10° 
1,82 <10* 


4.145 10° 


9.262107 


3.881 107 
&.00 x10" 


3.02310" |" 


2.093 
1,181 10° 


0.001 | 2900 
0.0012 | 2 900 


30 | 0.001 


0.0044 


2.818 


| 
8.469 


Bieaking 
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8.638 10° 


5.22x 
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2.66" 


1.2210" 
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5.10 
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Points too 

seattered to 
draw curves. 
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of more than | 
2 parabolas. 
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_ An examination of the inelastic strain 1 plots showed that in few _ Pearse. — 
cases could one straight line be passed through all the points plotted, 
whereas i in many cases two straight lines at a considerable angle, and, 
in « one or two cases, three straight lines could. This would mean 
that two or ‘more — parabolas might represent. the curves. The 
elastic strains followed the straight lines more closely, so that one 
line was fairly representative for each set of observations, = = © 
vi _ in both cases the constants were derived for the range of stress a 
"from: 300 Ib. per sq. in. up to the ultimate strength, unless other- 
wise e noted, assuming that the probable « curve was 
where y = the stress, in pounds per square inch; 
re ee x = the change of length or strain, - inches per ‘eed 
ond pi are tl the constants to be be derived. 


The columns headed y, and x, give the low point, and y, and 7 . 
the high point from which the constants, n and p, were calculated. _ 
~The columns headed y, and a, and y, and 2,, give the points from 

which the values of n, and p, were determi 
respectively, give the inelastic and elastic « constants. 
Using = p as the stress-strain equation, according to the 
3 definition of the modulus of elasticity, Z, as the ratio of the change . | 
of stress to the change of ig then 1 
‘TA \BLE E re LASTIC STRESS- RVE 
—1:2:4 CoNncRETE. 


7d. | 284 | 0.0001| 820) 0. 91 650 000 


0.0001 2840 -42%5 88 040 000 
0,0001|3 200 0. .130 310 000 
0,.0001|1 520) 0. .708 273 300 000 
0.0001|1 690) 0. .668 242 000 000 
0.00012 390: .500 116 800 000 
0.0001 640 289° 255800000 
Germania...|7d. 0.0001'1 820 ‘443, 50 540 000 
Germania... 0.0001|2 600) 0. ‘ 
Germania... 0.0001/1 840) 0. 76 900 000 Curve flattens at top. 
0.0001/1 800) 0. “a 79 650 000 
0.0001 |2 090| 0: ‘4855810000 
0.0001)1 630 58 130 000 Curve flattens above this. 
2 430| 0. .434 89 600 000 
Saylor’s... | 9d. "0001/1 560) 0.0010] 1.359 27 650 000 
0.0001/1 800! 0.0010) 1.661 255 300 000 
Saylor! 0001/2 190) 0.0010) 1.465 78 560 000 Curve flattens t tor 
‘Baylor's 580 0.0001, 000) ¢ 0.0005] 1.356, 56 080 000) 
‘ = 
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stress the unin is not is ‘that ‘concrete is 
- elastic, in the ordinary sense, up to 200 or 300 lb. per sq. in., and 
even up to 500 lb. per sq. in., in some cases, though permanent — 
set is usually measured below that stress. The | correct expression 
for the stress-strain curve in compression 1 would | seem to bea 
_ parabola with the vertex at zero, but with its axes slightly ‘revolved a 
go that the slope is finite at the origin, or else a combination of 
_ parabola and straight line—the straight line extending to the point 
7 at which permanent set is noted, the parabola fr om there to the ne | 
_ For all practical purposes, the writer favors the formulas based 
on straight-line stress-strain curve, using constants based on 


the concrete in tension. 


way 

Mr. Wing. ©. B. Wina, Assoc. M. Ax. Soc. (om EB. (by letter) —In a 

paper before the Canadian of Civil Engineers, Henry 
mark, M. Am. Soc. E., has stated ‘that most of the form nulas 


_ 4 proposed for the design of reinforced concrete are based on the 
= theory of flexure of homogeneous materials, with modifica- 


tions due to the composite nature of the beam and physical proper- ‘ 


ties of concrete those of steel. Eve 


a may be divided into two ene one class for which Mr. Goldmark’s 
in 4 statement is true, and another class in which the modifications and 
—— are of such a character that all semblance to the = 
“4a ordinary theory of flexure is lost, and the resulting formulas are 
The formula proposed by the author is of this latter ‘class 
and, for low percentages — of reinforcement, with material of low 
elastic limit, will be found to give ultimate 


‘The stress-strain diagram of a reinforced concrete beam shows — 
tee critical points: the point of failure of the concrete in tension, 4 
and the elastic limit of the steel. 
al These points may be compared with the elastic limit and th the 
point of rupture of the stress-strain diagram of steel in 
with the difference that, in the case of steel, stresses beyond the 
elastic limit cause e permanent deformation, while, in the case of >: 
inforced concrete, stresses beyond the tensile strength of the concrete 


Ss only lead to the opening up of cracks which are closed on the re- 


te 
ig 
resses in steel and concrete, neglecting 
| 
d 
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DISCUSSION : CONCRETE FLOOR SYSTEMS. 
moval of the load if the limit of the. not been ex- Mr. W ving. 
The whole question of proper ‘methods of designing 
‘econerete would seem to’ hinge on this one point, that is, to what 
extent it is safe to allow tensile racks to. form | in reinforced 


‘This point can only be settled satisfactorily by tests for the 
effect of corrosion and repeated stress on reinforced conerete beams 
«Until such tests have been made, conservative design would 
J 4 require that the maximum stresses in the outer fiber of reinforced _ 
concrete beams be kept within the limits of the ultimate tensile - 


strength of the concrete, say 300 lb. per sq. in. for a fair quality | 


x: At present the design of beams by ose: formulas is en 7 
of to the condition that would exist if all tables of moments of inertia — 
properties of steel beams were to be destroyed. 

ne However, by adopting a proper notation, and preparing tables, | _ 
4 it is possible to solve theoretical composite beam formulas with the _ 
same ease that solutions of formulas for homogeneous ataianth are 

theoretical formulas’ can be shown to give results agreeing 

closely with the results of tests, both at the point of failure of the © a 


concrete in tension and at the point at which the elastic limit of the oe 


p ‘open en to criticism, of 
application, and which, in inexperienced hands, would give danger- — 


an Table 12 has been prepared in order to show the difference me 


{ 
— 


i designs obtained by using the author’s formulas: with ¢ = = 16 000 lb 
per sq. in., and by using a formula based on the ordinary - theory of 
_ flexure leniting the tensile stress in the concrete to 300 Ib. per sq. in. | ir 
_ The beams in Table 12 have been calculated as having a resisting _ 
moment of 120000 in-lb. The beams calculated by the ordinary 
flexure formulas are square, with the center of the steel reinforce- 
ment 1 in. from the lower surface of the concrete. The beams 
calculated by the author’s formula are square, above the center of 
the steel, and have 1 in. added to the depth to provide a protective 
The cost of concrete was assumed at 20 cents per cu. and 
‘the cost of steel at 3 cents per Ib, 
c a The author states that “the actual working stress in the concrete | 
would seem to be of secondary importance as long as the factor of 
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is assured designed by the author’s show 

probable values of compressive stress in the concrete as given 
in Table 12. These values have been calculated by the ordinary 
theory of flexure, neglecting the tension in the concrete, ‘and may 
be than the stresses actually existing, beams 


Iti is to be regretted that the proposed formula and 
similar formulas do not in all cases in like manner give results” om ; 

7 — from the wage pe theory of flexure on the side of safety. > 


cussio 
os the stress-strain curve for conerete in compression, er the old- 
fashioned Hooke’s Law would be considered near enough 


ordinary flexure will increase in cost with the percentage 
of reinforcement. 
or economy, the percentage of rein orcement, therefore, should - 


oe as small as good practice will warrant, and is not a subject for 


determination. 


Percent-| Side of | Cos stresses per square inch, | Cost Probebie 
“age of | square | |if conerete fails in tension.|_Depth er | pression 
force- in’ | i width 


ment. | inches. | ‘Tension Compression in. less. 
14 § | 640 
10 000 800 
8 
1 040 
6 
5 
5 


1 280 


ha 8.2 


— 
a 
if 
q author, in justification of an empirical Tormula, speaks OF 

the plate girder as a case in which the designer departs from the 
— ordinary theory of flexure, but fails to state that such departure a 
a 
— 
“a 

ig 

€conomic percentage oF reimforcement depends entirely upon the 
= a. acceptance of the proposed formula. If that is not accepted, the => 
_ whole argument is without foundation, and that the acceptance of 

— hae, BY this formula may lead to dangerous designs is indicated by the © > 
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ow Caw, M. Am. Soc. E. (by letter).—In the case of Mr. Cain, 

wooden or iron the earlier theory for ‘Tupture was first used 
jin practice, and, later, a more correct theory for working stresses 
vithin the elastic limit. It seems that the theoretical treatment of R. 
beams, reinforced or not, will have to pass through the _ 

ages. To reach this desired goal, however, ex- 
periments will have to be made, especially on prisms of plain - 

_erete, tresses, so as to eliminate, in the computations, 


gives a unit atre ess, C, a of prism per 
of length, then is the modulus of elasticity for” this load. 
nod applied once. On removing the load, a permanent set is ob- 
served. By applying and removing the same load a number of 
times, ‘the permanent set is steadily increased, and the modulus, _ 
computed as: (e ineluding the permanent set), varies 
constant. Therefore it is unfit for accurate com- 
putation. | ‘cen by repeating the loading and unloading a suf- ~ 
_ ficient number of times, the permanent set, per unit of length, — 
- finally becomes a constant, /; so that on subjecting the prism any 
_ number of t times therafter 1 to the e same loading as at first, the 
shortening, e’, per unit of length, o over and above the ‘permanent k, 
disappears when the load is removed. It is thus an elastic deforma- _ 


tion. The total shortening of the prism, per | unit of iat elastic © 


Bs defined as |. This is a constant, and is suite rble for use 


in accurate ‘computation for concrete, of the same kind and the same 
age, for repeated stresses from 0 to 


Infortunately, however, it is found that this so- -called elastic 
_ modulus decreases as ¢ increases, as shown by the results | in Table 
13*, as given by Professor Bach. The tests were ‘made at from 7 


: 
04 mths after ‘moulding, a and thus only apply such ages of 


7 a y [he values of E, on the last two lines are for shingle conerete. 
Doubtless future obse ations 3 will modify these results etdie, 
but, granting » their correctness for the materials used and the age . 
of the specimens stated, it is observed that as ¢ increases, the values — 


_ of E,, decrease most rapidly at first until, beyond ¢ = 500, the « de- 


* See more complete table in Reinforced Concrete,’ by Charles F. Marsh, p. 214. 
from which these results were taken. P. 
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is slight and The “stress-strain” curve, 


vie has a greater curvature for the small values of ¢_ 
than for values from 500 upw ard, and it only approaches a straight q 
line for v alues of ¢ from, s say, 500 upward. It is unfortunate that — 
this: relation was not reverse od, for it is highly « desirable to use the 3 
straight line from c = 100 up to c = 500 in the computations for 
beams, where the maximum fiber _ compressive strength on the con- 
erete is limited to 500 Ib. ‘per sq. 


TABLE — ror STONE CONCRETE. 


fultiply the values of Be: in this table by 2000). re 


- in pounds per square inch. 


228| 342] 456] 570 | 708 


| 


nal in pounds per square inch, 


349 

800 240 


317 7 252 | 246) 
10 222) 198 | 185 | 170 | 168 158 | 157 


gram, without a large error in computing the maximum fiber stress _ 

in the concrete, and | practically with none at all for the stress 

Thus, for a _worki ng s in 15 5-10 concrete of 500, 


Tb. per sq. in., take 000 000, then m = = — = 10, 


— given by Professor French (Fig. 98), which controls ‘ ‘automatically” . 
- the relation of f to c. It would prove desirable, of course, to pre- a a 


pare other sheets for varying values of m. Professor Merriman, 
hi 


is discussion, has” given a more accurate solution, 1 that con- 


_ siders a portion of the concrete below the neutral axis as acting in 


oF one, in both solutions, unless the elastic modulus i is used, 


be found a as se varies from 0 1 0 to the . working limi t—whether 350 or 


— 
4 7 Mr. 4 
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These straight-line (stress- strain) solutions are readily 1 used to Mr. Cain. 
ascertain comparative costs and thus lead to economic design. 7 
Considering the widely varying values of FE, by different experi- = 
_ menters under the same conditions, and the fact that E, varies so 
widely with the a age _ of the specimen, it t seems 1 to be useless to enter 7 
-jnto great refinement as to the stress- strain curve; so that, when 
the “elastic” modulus is considered, the straight-line stress- ‘strain 
: diagram can be used up to c = 500, or even c = 1000, with but | 
little error. Ultra refinement seems to be useless, when, in addition 7 
to the uncerté ainties: about the modulus, the unknown stresses 
to shrinkage and permanent set due to repeated loadings a are en-— 
ae As to the shrinkage stresses caused by the contraction ae em cer- 
tain reinforced prisms of cement mortar while setting in air, M. a 
_ Considére found that the reinforcement used suffered a compressive 
stress of 2.845 lb. per sq. in., and the mortar a mean tensile stress fa 
of 155 Ib. per sq. in. In neat cement reinforced prisas, the re- arts 
sults were 7110 and 410 lb. per sq. in., respectively.* bm 
in stone concrete, from the nature of the aggregates, there would 
initial tension (or shear) from setting air. In: a 


air, being resisted by the steel, should cause Senate in the aide ‘= 
near the reinforcement, and therefore compression at the opposite a 
_ face, leading to bending, though the writer is not aware of ‘this 
phenomenon having been observed. the theory is “true, the 
stresses induced are in the line of danger. WwW hen the beam is 
 Joaded, ‘so that cracks appear on the tension face, these initial 
stresses are relieved at the cracks, but not between the cracks. The _ 
steel rod is not thus subjected throughout to a uniform ou 
‘That initial al stresses in a reinforced beam must be caused by 
repeated loadings’ also must be evident from the 


erations 


“= In Fig. 33, representing a portion of a 


weight), let AB be a normal section 
stress. One application of the load stretches 
a Shee | at B of unit length, an amount, BB’, © 
and shortens the fiber at A the amount » AA 4 
If there was no reinforcement, ‘on releas- 
ing the load, A'B’ ’ (supposed plane) moves 
to CN O’, giving sets, A at A CB at 
But, with a rod reinforcement near the lower edge, the tension in 
the rod tends to diminish BC, and therefore AO’”, causing tension 
in the concrete at A and compression at After a number of 


* Marsh’s Reinfor ced ret 
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se, 
finally becoming constant, with BO BB’. 
There are. thus initial stresses, from repeated loadings, due to 
. & the one-sided reinforcement, which, fortunately, are re on the s side of 
safety, being tensile at A and compressive at B. 
Professor Talbot performed some experiments ‘on the “release 
and repetition of load,” and in the “University of Illinois Bulletin” 
; for September 1st, 1904, Fig. 42 ' shows the results for Beam No. Me 
20. As Professor Talbot remarks, Fig. 42 “seems to indicate that 
_ the steel and concrete are under stress after the load is released.” — 
It is to be hoped that experimenters will direct some of their 
attention to- repeated loadings, for unless the elastic modulus of _ 
_ conere te is found, all theories within working limits 8 give mislead- i 
If it is simply desired to derive a formula that will agree with | 
~ the results for a beam tested to destruction under non- repeated — 
Toads, th then the inel: astic modulus will suffice, and such formulas are 


useful. It seems to. ‘the write r that. the full stress- strain curve 


- should be used for rupture and for rupture only. If this curve is — 
a then Professor Talbot's are rational and exact, 


His formulas as, however er, ‘de an “initial” 
js theoretically double the modulus at rupture. As yet, such initial — > 
moduli hav e not been well determined, even for non-repeated — 
i stresses. It is absurd, of course, to apply the modulus at rupture 
wi to formulas s where the initial modulus is called for, or where the ee 
modulus for repeated loads | within. working limits is required. 
It must be perceived clearly that a formula for rupture cannot 
* used for working limits by the use of a factor of safety, and © 
‘i vice versa. = wo distinet formulas, using different ‘moduli, | are re- | 
The author des serves the thanks of the profession for having — 7 
this discussion, and for his interesting contribution to it 
Joun S. M. Am. t. Soc. C. E.* (by letter). —After reading — 
“ae the discussion which has been brought out by his paper, the writer — 
he. feels that its main object, which was to arouse a greater interest oi 
- certain points pertaining to the design of reinforced concrete, hes 
been largely accomplished. He desires to express his gratitude for 
the kindly expressions s of appreciation by so many of those taking 


> In order to set at ‘rest the doubts apparently existing in the = 
minds of some, he desires to say that he claims no originality for 


anything fundamental in any part of the formulas discussed * | 
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‘proposed by himself. Ens: en the treatment of web stresses, which Captain 


well. 
_— different from any he has seen elsewhere, could not be called © 
, in the fullest sense of the word, and it may not be so, in 


any ‘sense. — The question of originality, however, is entirely fr 2) 


secondary to that of correctness. The writer, in common with many — 7 
other engineers, has studied such data as he had available, and, in 2 
‘the light of such study and his own experience, has deduced con- wa? 
“ clusions in which he has great confidence. - But it is realized —- 
/ ‘onclusions are rather matters of opinion than thoroughly — 
- demonstrated facts, and it is hoped that the extensive series of tests 
about to be inaugurated under the auspices of this and other so- = 
_ cieties may cover the ground in so thorough a manner as to leave — 
no room for further doubt or discussion, 
The point raised by Mr. Jonson, in -Teference to taking the 
depth of the horizontal reinforcement below the top of the beam as 7 
a basis for the shear computation, is well taken. Referring to on 
page 277, and to Fig. 4, the depth should be A d, instead of d. The © 
writer had intended to correct this error, but will content agg" aa 
by acknowledging the accuracy ‘of Mr. Jonson’s criticism. 
should, perhaps, be further explained, that Fig. 4 and its accom- 
- panying text constituted a demonstration of the writer’s method oa 
of treating the web stresses, rather than a statement of the method — 7 
. As a matter of fact, when the writer uses diagonal web a 
TS, ifa be the area of the horizontal reinforcement, the 
aggregate section of the web members in one- -half of the beam is — 


taken /2 ‘if vertical web 1 members ar are used, their aggregate 


area in one- half. a ‘the beam is as a; neither of ex- 


pressions would be quite correct if the depth were taken as d; Lh - 
nor would they result from an actual determination of stresses in 
multiple-intersection truss with a finite number of web systems. 
The greater the number of web systems, the more nearly does the == 
aggregate of the tensile web stresses approach equality with the 
_ aggregate of the compressive stresses; and, in a solid beam, — 
become equal; under these conditions, writer's expressions for 
segregate section of web members a are correct. 


- members are used, the ent of each member i is equal to d\/2 
_ The total volume of the members in one-half. of the beam is then 


“equal | toad. . The sam same expression holds for the ° volume of the bay 
vertical members, so that the total weight of the web reinforcement is ; _ 
the same in the two cases, assuming the web members to extend to the 
top of the beam, in either case. In any case, the number of web 
members necessary to make up the : aggregate ‘section is determined 
by dividing the aggregate by the area of one member. Their 


: “Spacing is determined in much the ‘same manner as that used for 
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DISCUSSION : REIN FORCED CONCRETE FLOOR SYSTEMS. 
¢ aptain isn to Mr. Watson: the unreasonable and illogical ‘require 
or of many building laws constitute one of the reasons for 
_ writing this paper. These laws often, on the one hand, put rein-— 
forced concrete at an unfair disadvantage, and, on the other, open 
the way very real dangers in design. ~The writer is also- 
_ opposed to the use of high-carbon steel, or any y steel with an elastic 
limit exceeding, say, 40000 to 45 000 lb. per sq. in. If the modulus 
of elasticity could be increased with the elastic limit, the matter 
might be different; but, as it is, the greater strength of the steel > 
with a high elastic limit can be utilized only by permitting deforma- _ 
tion beyond a reasonable limit, and by I ‘permitting the neutral axis to. 
_ rise so high in the beam that the economy of the greater stress in 
the steel is largely lost, because of the greater quantity of concrete i 
- needed to counterbalance the steel stresses. The strength of the — 
_ steel with a high elastic limit is also likely to be seriously ‘impaired 4 
in a fire, which is in itself a ‘sufficient reason for using soft or — 
medium steel in fire-resisting structures, not to mention the other 
_ very valid objections to high-carbon steel urged by Mr. W atson. ae 
_ Vertical stirrups, merely passing under the main ‘bars, cannot 
q possibly tr transmit any tensile stress into those bars, for no force has 
a component at right angles to itself; n nor can such stirrups afford — 
- an abutment for the diagonal compressive stresses in the concrete, 
except in so far as the concrete itself serves as an anchorage io 
As one cannot lift himself by his own boot Straps, it is 
difficult to know how the stirrups described by Mr. W atson cm 
assist in any way except by reinforcing the concrete against local — 
A failure, and thus holding adhesion up to its full value. This seems 


tae be only a partial solution of the real problem. =| TARE, 


_ Replying to Mr. Noble: the writer expects that well- conducted - 
experiments will prove quite conclusively that percentages of - 
inforcement, considerably greater than those deduced from his 
equations, can be safely used. The writer, in assuming his con- | 

= tried to keep well within safe limits, and the discussion — 
7 indicates that in this, at least, he was successful, air 
 -‘The great value of the adhesion, and of the : shearing ‘strength, — 
i in concrete is not denied; but both are subject to at least as many 
uncertainties as the tensile strength, and the writer prefers to let 
them all go into the indeterminate part of the factor of seen % 
especially in structures likely to be damaged by fire. Soe fe 
4 Kreuger’s comments, concerning the width of in 
i i -beams, touch upon a very interesting point—one which, as it is 
¥ treated in such building laws as those of New York City, opens up 
_ the way to some decidedly dangerous designs. The writer’s width ~ 
of flange was deduced from a discussion based on the shearing 
strength of concrete, now as far as 
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_ possible, the width of the rib, in a T-beam, results from considera- Captain Pp. 
= tions affecting the transfer of the tensile stress from the steel into ~ as 
the compressed part of the concrete; the questions of how much 
stress can be distributed into the slab on either side, and how ~- 
¥ it must go before being absorbed, are not usually easy to determine. © a fad 
> But, the length of the span, and all other real factors, enter, in- 
| directly, into the design of the rib, and a width three times as great 
as the width of the rib will usually be found quite safe and st ufficient oan 
_ for the flange, except in the rare case where very heavy beams are — 
» spaced very closely together, with a very thin floor slab on top of — 
them. that case, the thickness of the flange would seem to be the 
Oo ‘rect basis for determining its width. . The writer sees no 0 objection , A 
‘to making it the basis in all cases. 
- Referring to Mr. Dana’s comments on the writer’s reasons for 
“Using attached web members because of the facility for repairing = 
beams damaged by fire, it should be pointed out that exposure 
steel members results from the spalling of the concrete, rather than 
from the cement. The Baltimore fire, and 
many fire tests have demonstrated that the steel itself is often ex- . 
posed without suffering serious damage; it is to be presumed that Sa. 
the fire is usually about exhausted, in such cases, before the con- 
crete finally comes off. But, for fire- -resisting structures, the writer _ 
is opposed to steel of very high elastic limit, because of the v very _ ce 
danger pointed out by Mr. Dana. If every beam that has its main = 
rods exposed has to be torn out and rebuilt, reinforced concrete — 
will not long be in favor with underwriters, for the salvage will a 
hardly be greater than in the case of a timber structure. While 
is a. slight ‘digression, it might be suggested that if every fire 
_ test of a proposed type of fire-resisting construction had been carried : 
far enough to determine correctly the salvage after the fire, a good __ 
erroneous conclusions on the subject of fire-proof buildings 
would have been avoided. y 
Mr. Turner seems not to have the real intent of 
_ the paper at all; he has set up a straw man and knocked him over, — ;: 
- ‘bee! is not clear that this has any very direct bearing on the 
>. questions discussed. However, an attempt will be —_ to tet 
There is decided room for differences of opinion as > whether 
the type of construction shown by Mr. Turner in Figs. 8 and . 
will be more economical than an_ equivalent one, using ribs or 
ee and a thinner slab. ~ Ingenuity in designing the centering 
for the 1 ribs might upset Mr. Turner’s estimates of cost, without .. 


‘The writer is quite well aware, however, of the extra cost of 


entering for ribs, , and, for that reason, has often preferred and used 
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Captain a plain . slab rather than a ribbed ¢ construction, even ro" the sla 
yas quite heavy. But he still maintains that for extensive 
and heavy loads, there is economy in a ribbed construction; more- 
over, the conditions of the problem do fix the spacing of ribs within — , 
_ rather narrow limits, as a rule. However, it was not the “purpose — a 
to treat this’ question by the laws of maxima and minima, for the — 
the “writer has not been able. to find any principles 
governing it in such a way that the skill of a good foreman or 
designer, expended on the centering, might not be the vital factor 
in deciding the question, after all. But, assuming | the spacing of 
beams and girders to be fixed, there are such h questions as the most 
economical design of slab and the most economical design o of beam, 
and it was these questions that the writer undertook to discuss— 
that is, the economical sections of slabs and beams, the bending 
- moments in the two _ cases being known. In the structure, as a 
whole, there may be broade r questions of economy ‘than in its 
3 individual members; but there is an economical design for each of 
= and it should not be neglected, for it has a very vital ate 
the whole of the broader question. 
Turner seems also to have missed the essence of the dis- 
of minimum “cost. for indiv idual ‘members. concrete is 


very cheap, and steel very dear, it may easily happen that the 
_ cheapest beam, to carry a given load, may be one in which the 


concrete is not stressed to anything like its safe limit. On the 


other hand, it might be possible for concrete to be so e xpensive, and 
steel so cheap, that the least expensive beam would be one in which 
the steel was stressed very lightly, and the concrete to the full limit. 
— Under such conditions, the paper might have to be revised; but, if 
conditions “existed, it: t would probably, cheaper to use 
structural steel; attempt was to discuss 
- question under such assumptions. It is somewhat surprising, how- 
ever, that this point has not been raised in the discussion of the 
paper, 
far as the utility: of the -economi mic theory is -con- 
cerned, he has found it useful in his own 1 work, and detailed esti- 
- mates based on actual designs have proven it correct within its 
own limits. To make its utility perfectly clear, one might are’ _ 
= a piece of construction work in which the excavation for footings, 
“4 -ete., yields an ideal material for concrete ; there may be nearby a 
eatin plant, from which cement can be obtained at mill prices. - 
es _ Probably the concrete, apart from centering, in such cases, would — 
7 y cost not more than $2.25 per cu. yd. Suppose the cost of steel 4 
delivered at the site is very high, say, 5 cents per lb. it does” not bo 
mathematical discussion to show that under such cireum- 


stances, economy demands deep beams and slabs, and light rein- 
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DISCUSSION CONCRETE FLOOR SYSTEMS 
forcement; but there is an economical limit, and the writer’s theory. 
“enables the engineer to de termine it at once. it would seem that “°° 


: theory to any commercial interest, but as he has never been engaged — 
in any commercial enterprise, there may be possibilities i in it which 
Ks lack of experience preve ents him from seeing. — 
_ Mr. Turner lays great stress upon the tests of certain floor dae, 
Proncned df his own design. Their behavior cannot be explained — 
_ by any rational formula based on flexure, for the simple reason that — 
they were never subjected to such a bending moment as Mr. Turner 
figures as due to the load. The: secret of their great carrying power 
: [ is the absolutely unyielding abutments afforded on all sides by the __ 
, _ remainder of the floor construction. The writer has had exactly — 
a parallel cases in his own work, and has seen them in the work of —/ 
a others if Mr. Turner had selected an outer panel, next to the 3 


= wall, for his test, he might have obtained a very different result; 
“or, if he had cut his test panel loose from the neighboring panels— 

— or, if he had tested an entire floor to the extent illustrated in his 

A photographs—it i is quite certain that the results would not have been 
inexplicable, even by the theory of flexure. As a matter of fact, in 
the panel w yhich was about 16 ft. square, the shearing stress around 
the outer edges appears to have been not more than 60 lb. per 
= sq. in.—not a dangerous value for really good concrete. | The panel, : 
acting as a was” able to load with stresses: 


of 900 Ib. per sq. ft. would have been required to produce — 


* in fact, the load, as it was, was rather dangerously close to the 
jimit, also, under such conditions, collapse is almost sure to be 


bE tt is very doubtful, however, whether two or three times the load a. 


sudden and without appreciable deflection or warning of any kind. 
_ Mr. Turner would have added much to the knowledge on the sub- =a 
ject if he had carried the test to destruction. vied: 
Zs The writer’s opinions on the subject are derived | from the study 

_ of one or two actual failures, where conditions : were not entirely 
a unlike those shown in Mr. Turner’ s photograph; but he will be very _ 
a glad to revise them, if Mr. Turner, by a test or tests carried to. 

destruction, can prove them 

The writer’s explanation of the carrying power of the slab is 

om not materially different from that indicated by Mr. Turner him- 
self, in Fig. 11. " Both require unyielding abutments; the slightest 
_ movement in these would develop the bending stresses at once, and — 
even Mr. Turner will hardly claim that his slabs would have 

‘resisted, as beams, the bending moments to his loads. The 
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DISC ON: 
na plain . slab rather than a ribbed construction, even though the slab 
‘ was quite heavy. But he still maintains that for extensive floors, 
and heavy loads, there is economy in a ribbed construction; more- ia 
: over, the conditions of the problem do fix the spacing of ribs within _ 
* 3 rather narrow limits, as a . rule. However, it was not the purpose 
’ to treat this question by the laws of maxima and minima for the 
- reason that the writer has not been able to find any 
_ governing it in such a way that the skill of a good foreman —_- 
_ designer, expended on the centering, , might not be the vital factor — 
a in deciding the question, after all. But, assuming the spacing of 
4 beams + and girders to be fixed, there are such questions as the most 
‘ ‘economical design of slab and the most economical de sign of beam, 
a and it was these questions that the writer undertook to discuss— _ 
~ that is, the economical sections of slabs and beams, the bending © is 
zeae in the two cases being known. — In the structure, as a 
whole, there may be broader questions of economy > than in its” 
- individual members; but there is an economical design for each of 
_ them, and it should not be neglected, for it has a very vital bearing _ 
on the whole of the broader 
= Mr. Turner seems also to have missed the essence of the dis- 
-eussion of minimum cost for individual members. 
very cheap, and steel very dear, it may easily happen that the 
- cheapest beam, to carry a given load, may be one in which the 
— conerete is not stressed to anything like its safe limit. On the _ 
oa other hand, it might be possible for concrete to be so expensive, and 
steel so « so cheap, that the least expensive beam would be one in which — 
_ the steel was stressed very lightly, and the concrete to the full limit. 
_ Under such conditions, the paper might have to be revised; but, if 
such conditions existed, it would probably be cheaper to use 
_ structural steel; therefore no > attempt was made to discuss the | 
question “under such assumptions. It is somewhat surprising, how- 
ever, that this point has not been raised in the discussion of the 


as the utility” of the writer’ economic theory is 


own limits. To make its utility perfectly clear, one might suppose _ 
‘e piece of construction work in which the excavation for footings, — 

ete., , yields an ideal material for concrete ; there may be nearby 


at the site is very say, per lb. It. 
ee a sateen’ discussion to show that under such cireum- 
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Probably the concrete, apart from centering, in such cases, would 4 


a 


forcemen ; but the: is an economical limit, and the writer’s Captain 
enables the « engineer to determine it at once. It would seem. that 
this is worth while, at any rate. 
a The writer is unable to see the peculiar value of his ‘economical ef 
_ theory to any commercial interest, but as he has never been engaged 
in any commercial enterprise, there may be possibilities i in it — , 
his lack of experience prevents him from seeing. 
_ Mr. Turner lays great stress upon the tests of certain floor | iting. a 
‘a presumably df his own design. Their behavior cannot be explained ES 
4 by any rational formula based on flexure, for the simple reason that 
they were never subjected to such a bending moment as Mr. Turner - 


- figures as due to the load. — The secret of their great carrying power 
is the absolutely unyielding abutments afforded on all sides by the - 
remainder of the floor construction. The writer has had eo 

parallel cases in his own work, and has seen them in the work of 
others. If Mr. Turner had selected an outer panel, | next to the Shay 

wall, for his test, he might have obtained a very different ‘result; * 

or, if he had cut his test panel loose from the neighboring panels— — 

or, if he had tested an entire floor to the extent illustrated in his 

_ photographs—it i is quite certain that the results would not have been a , 
“inexplicable, even by the theory of flexure. As a matter of fact, in 

the panel which was about 16 ft. square, the shearing : stress around 


the outer edges appears to have been not more than 60 Ib. per 
pe 
y x sq. in.—not a dangerous value for really good concrete. The panel, — 


acting as a flat dome, was able to carry the load with stresses _ 
not exceeding 2000 Ib. per sq. in. The reinforcement 
below, and the load above, prevented local deformation or buckling. © 
It is very doubtful, however, whether two or three times the load 


of 900 Ib. per sq. ft. would have been required to produce collapse; 


-.. in fact, _ the load, as it was, was rather dangerously close to ‘the 


limit, and, also, under such conditions, collapse i is almost sure to 
gies and without appreciable deflection or warning of any kind. . 
= Turner would have added much to the knowledge on the sub-+ 

ject if he had carried the test to destruction. 
The writer’s opinions on the subject are derived from the study | 
of one or two actual failures, where conditions were not entirely | 
unlike those shown in Mr. Turner’s photograph; but he will be very 
uni revise them, if Mr. Turner, by a test or tests carried 


destruction, can prove them wrong, 

—s The writer’ 8 explanation of the carrying power ‘i the slab i 
not materially different from that indicated by Mr. Turner him- 
self, in Fig. 11. Both require unyielding abutments; the slightest — 
mov ement in these would develop the bending stresses at once, , and 
Mr. will hardly claim his slabs would have 
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‘Sewell: and supported all around by beams, as in Mr. Turner’s tests; 


where he felt sure of unyielding abutments , he has reduced the 
4 bending moments for which the slab was designed, to an extent that — 
he would not recommend for ordinary, practice. Mr. Turner 


them; but, any one familar with the amaanaen ae a flat 
Guastavino dome need feel no surprise at the carrying power of iS : 
Mr. Turner’s slabs, whatever may be the true explanation. ts might — a 
also be suggested : that ‘steel beams tightly framed in between n un-— 
yielding abutments, would carry loads as much in excess of their 
_ capacities, as based on the theory of flexure, as did Mr. Turner’ x 
floor slabs. The writer has often thought that, in insisting upon 
determinate conditions, American designers of steel 
structures have sacrificed a great deal of reserve strength, especially | 
against local overloads, as well as a very desirable rigidity and a 3 
ae mind, however, Mr. Turner’s slabs were in a =) 
dangerous state of unstable equilibrium under the test loads; a very 
a little fire, or a sudden shock, applied in addition to the loads, a: 7 
probably have caused collapse of a very sudden and destructive 
= nature. While the writer knows but little of the floor in the build- Re. _ 
ing of the Farwell, Ozmun and Kirk Company, to which Mr. : 3 
_ Turner refers, he thinks that, in the absence of tests to lenin oe 
in both cases, final and invidious S comparisons are 


4 
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Ct is noted that Mr. does not state 
for which the floors described by him were designed, nor does he _ 
the methods used—all of which would have 
basis of the writer’s belief in attached the 
very satisfactory practical results shown in their use. Professor — 
- Talbot’s tests, referred to by Mr. Turner, were hardly fair, because if 
i web members were not long enough, and they were not spaced — 

: according to the variation in stresses. The writer used the Warren — : 
truss as the analogy, because tests show, that the web stresses 
rs reinforced concrete, or any other solid, beams, are inclined at an p= 
angle of about 45°, and, as long as the beam is solid, they cannot be 
- made to take any other direction; vertical web members can take 
up the vertical components of the tensile web stresses, but they 
cannot change the direction of the resultant stress. As for Mr. 

-Turner’s suggestions of an inverted bowstring or a Bollman truss, 
he would find some difficulty in anchoring his tensile members at the ie 
ends. In his application of the writer’s economic theory to a ap plate * 


girder made of of two kinds of steel, he deduces results which would | 
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be e correct if, in steel, it v were cheaper to let the ate web | atresses S Captain 
vary; but, as a matter of fact, the conditions are entirely different, all 
% and the unit stress in the web would be the constant—not the thick- — 
of. the web. This application to an impossible—or at least 
highly improbable—plate girder, is merely straw man 
The suggestion that the lower part of a beam might be made of 
clinker concrete was not made with a view of reducing the first cost, 


but of improving the fire-resisting qualities. 


ason has an extensive comparison of different 


a : ‘formulas, most of which are convertible, one into the other, by 


changes in constants, and i in the form of the stress-strain curve. a 
The writer has no doubt that the percentages of steel worked out 
na himself are well within safe limits; he intended that they should 
be. If economy - demanded it, he would not hesitate to. increase them _ 


_ by at least 10 per cent. This, in the particular case assumed, would 
‘probably have given values more satisfactory to Mr. Wason. — 


_ However, Mr. Wason’s mathematical work is not quite = 4 


sistent. In his use of Professor Talbot’s formulas, he assumes the 


value of A, overlooking the fact that there is a certain va alue | of A » «= . 


- which necessarily follows from his previous assumptions, and which 
_ Professor Talbot’s formulas afford the means of determining. If 
Mr. Wason will take the writer’s Equations 1 to 5, revise them i = 
suit the assumption of a parabolic _ stress- ‘strain 1 curve with . 


vertex on the extreme fiber in compression, and 


will get a a set of formulas which are convertible into 
, Professor ' Talbot’s when developed under the assumptions made by 


Mr. Wason. He will find, also, that, with such a stress-strain curve, 
-avalue of —_ for n in Professor Talbot’s formulas is the same © 


as a value of for the writer ’s formulas, revised 
fe the parabolic curve. & 
Mr Wason’s own formula is based upon impossible assump- 
tions. _ If the neutral axis is at the middle, the upper half—not a 
upper third—is i in compression. Solving for stresses, the 
curve. 
Under these circumstances, ‘the maximum fiber stress in beams 
designed by Mr. Wason’s formula is 667, instead of 500, lb. per 
sq. in. Moreover, in Mr. Wason’s method, there is nothing to — 
_ indicate that if he had used 100000 instead of 50000 for f, he — 
wena have obtained a different value of A; in which | case, his _ 
formula would make the resisting moment of his beam 1500000, 
of 150) in-lb. Mr. Wason would not consider the beam 
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a good for that, but if his formula were w ritten into a . building a - 
Sepa some one else might. As a matter of fact, in his formulas, Mr. _ 
Wason does not take account | f the elastic properties of the 


the bottom of page 323, Mr. ason makes 

i calculation, which is a good argument for using a curved form of © 
stress-strain curve, and solving for stresses near the ultimate, since 
the right- -line- -working-stress method puts the concrete at a mani- 
festly unfair disadvantage. In Mr. Wason’s computation of the 


compressive force concrete, under the parabolic how- q 


ever, the coe fici The coe nt, , belongs, 
ever, to a curve much closer to the truth than a parabola, and the | 


lever arm of 0.8125 d is quite safe. There is no doubt that the 


7 re _ beam assumed by Mr. Wason would easily carry 2 sq. in. of re- 
that it would not then collapse under than 
000 in-lb., if properly designed and built 
It seems to the writer that compression in the steel, to 
_ shrinkage of the ¢ concrete, is » merely the tensile strength of the 
in another form. It is an additional argument for 
tached web members, 7 


The _ Watertown tests indicate that, with increasing age, the 


modulus of elasticity. This i increases somewhat the factor of sa safety, 
a) does not in any way affect the economy of the design. ia a 
fr ‘The tests with loose diagonal stirrups, cited by Mr. Wason, 
eo -—_ to prove very conclusively the existence of the diagonal so 


stresses, and the necessity for rigid attachment of the web members, 
_ resisting them, to the main bars. Mr. Wason is entirely mistaken 
as to the difficulty of assembling and handling such reinforcement 4 
as was used at the War College. The web members were so ae 
«i that the entire reinforcement was easily handled as a whole; the — 
cost, in place, was about 2.4 cents per Ib. The concrete ' was made — 
of small gravel, and poured in, very wet. The writer does not 
believe that any one of the systems of web reinforcement described 
by Mr. Wason is as cheap OF as as — handled and embedded as = 
used at the War College. 
te equation deduced by the write for the cost of the viii 
elements of a reinforced concrete beam is a hyperbola, which, when 4 4 
4 plotted, would almost coincide with the curve of total cost in ‘Fig. 
24, of Mr. Goodrich’s discussion, 
In answer to Mr. Goodrich’s comments, | ‘on page 344, ‘relative 
to the quantities, s, b, and me this really raises the question of 
-4 maximum economy in the spacing of ribs. With a given system 7 
<a of centering, this problem is capable of solution, but it would have — 
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to be solved separately - for each case. Practical considerations will Capt 
- generally restrict the number of begs into which a given space can — 


be divided, but a mathematical discussion of m minimum cost —_ ; 


: type of connection between web members and main bars which, mo ) 
deflection had taken up the slack, became quite rigid, | because <_ 
the friction. If he had set the U’s the other way, the experiment 7 al 
would have been more conclusive. As it was, it to be quite 
as much in favor of his contentions as against them. If the stirrups 
4 of the beams shown in Plate XXVI were wrapped closely ound 
the main bars, the same would be true of them. _ ite at, hi 
a Mr. Goodrich, as well as Mr. Turner, expresses some doubt : as to 
» the correctness of the ordinary assumptions made in designing 
ES concrete structures. It will not be denied that, for 
isolated beams, the theory of flexure explains | the results of tests 
fairly well. 4 Slabs reinforced in two directions and supported on 
“all sides may give results a little higher than would be indicated 
by the theory of flexure as ordinarily applied, and this may be due, 


 ghrenees acting at right angles” to each other, o on the same material. 


i But it is not clear how the two sets of reinforcing bars could relieve A? 


each other of tensile deformation in the same way, so that an a 
= isolated slab built and supported as described, would probably not | 
carry much more than the breaking loads found by the theory of 
flexure, rationally applied. Any increase in strength could be 
allowed for by a judicious reduction of applied moments in 
When a slab or beam is rigidly built in as part of an extended — 
or - structure, however, there is a very great increase of strength under 
tests applied to only one one or two units of the floor system at a time, — 
especially when they are interior units. Exactly the same results ~ 
= been attainable with steel structures, any time during the last 
twenty years, but no one has thought it advisable to do so, 
- count upon them. If not advisable for a tough : and ductile material _— 
- dike | steel, it is much less advisable for a brittle material like con- ae 
crete. If dome action is to be counted upon, then build domes, self- 
contained, each within its own tension ring—not slabs and beams, 
unloaded and undamaged neighbors for capacity 


- instantaneously and completely destroy them. Of continuous girder 
action, however, the writer would take fairly full advantage; and he 
aS is convinced that it would have been nea to do the same thing 7 
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REINFORCED | CONCRETE FLOOR SYSTEMS. 
In answer to Mr. Goodrich’s claim that a a sufficiency of tests is 
* available to settle disputed points, it might be suggested that the 
manifest differences of opinion among those conversant with the 
4 subject is pretty good proof to the contrary. - Beams exactly alike i ine 
all particulars except as to the type of web reinforcement and its 
_ method of attachment to the main bars, should be tested accurately, — 
in a testing machine, with numerous points of contact, well dis- 
m.. tributed throughout the span, to prove whether the writer’s theory 
2 of web reinforcement is or is not correct. Practical tests are not — 
sufficiently accurate to conclusive and to remove the question 
from the domain of opinion to that of established fact. 
_ ‘The writer desires to express his appreciation of Mr. Goodrich’s 
very discerning, fair, and frank discussion. 
Mr. -Thacher’s objections to the writer’s proposed multiplied 
loads would apply to bridges and other structures in which the | 
dead load is the principal load. A fair average case in a building 
would be one in which the dead and live loads are about equal. | 
- _ writer’s proposition, in such a case, involves a safety factor s 


of 24, based on conditions at a stage materially short of collapse. — 
4 


— 


It is very doubtful whether the floor systems of most steel- frame 
buildings have any ‘such factor; the tile arches in common use 
would collapse before the stress in the steel beams reached the — ; 
a elastic limit—and this would fix the factor at very little more 
reinforced concrete is made a little safer than the type of 
structures it is trying to displace, it is sufficient. _ Where the dead 
load becomes very great, however, there should be adopted a sort of | 
sliding scale, whereby the factor of safety, based on total loads, 
_ would never be less than 24. For structures: subject to shock and © 
The writer naturally dissents from Mr. -Thacher’s views 
7 the adequacy | of the concrete for binding main and web members. 
together. However, if there is any economy in omitting the surplus — 2 
--- gonerete, in a completely reinforced beam, there is no objection to. 
doing so, provided adequate fire resistance is not sacrificed. 
_ In reply to Mr. Forchhammer, attention is called to the fact that — 
the s stress- strain ¢ curve used in n deducing Equations 1 to 5 is correct © 
only on the assumption of a certain maximum stress in the con- _ 
- erete; to allow this stress to vary as Mr. Forchhammer does, sd 
_ still use the equations with the constants deduced by the w 


is manifestly incorrect. Mr. Forchhammer, , in arrivi 
of minimum ‘cost, | ‘goes ‘through all the tentative calculations, 
the writer tried to avoid, and deduces no rule of general application. : 
_ The writer cannot see that his use of the words, “maximum — & 


percentage,” misleading when when they are are read with the 
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with any building department. 


context, wherei in it is plainly stated that all percentages are de- Captain 
; ‘termined s so as to cause the beam to fail by ’ failure of the steel. ae : 
_ “Theoretical economy based on relative costs,” 
the cost of the steel and the cost of the concrete above it are e equal. 


If this ‘gives so 0 great a percentage of steel that the concrete will fail ) 


{ ‘not able to resist the moment used i in determining the area of the 
steel. A deeper or wider beam of greater cost is demanded. ‘There- 
fore, the beam of least cost, determined solely by consideration of _ 
the relative cost of the two materials is not adequate, from a struc- 
tural point of view, and cannot be u used. The maximum attainable — 

economy, of course, results from 1 using the “maximum allowable 
percentage” of steel. When more than this is used, the strength of 
the beam is increased, but not in proportion to the increased area © 

i of steel nor to the increased cost. It may not be quite accurate to — 

say that th the it increase in 1 the steel i is all “wasted,” but it ii is 


which the design nant be based on the use of very 


percentages of steel; but ordinarily this is not necessary. Where hp! 
4 the strength of the concrete determines the failure of the beam or > 


‘slab, the failure is apt to be sudden, and to come without - much - 
= warning. This is a very undesirable kind of failure, and should 
Sri be avoided, if possible, As already pointed out, if concrete is so 
expensive that it is cheaper to design on the basis of the strength of ‘ 
‘the concrete, it is 3 probably still tor use ‘structural steel and 


In reply to Mr. French, theve i is no objection to duiguing te = a 


straight- sine formulas, for working stresses, provided values are as- 
sumed for | ~ i and Fy which will be as near the truth as possible, and 


at the same time, will permit of the use of ‘reinforced concrete 

with a safety factor only a little greater than that existing in 
structural designed to carry the same loads. Building 
will not designs frankly made with 


such values of and -F—especially the latter—yet ‘they w ill pass 


a lighter designs made i in accordance with a purely empirical formula 


in which a fictitious working stress of 500 Ib. or less is one of the __ 
factors, and an utterly impossible value for the area of compression ” 


another. _ The writer frankly admits that his chief reason for 


‘recommending the method of multiplied loads and ultimate stresses - 
; is the hope that it may the more easily lead to designing by honest 
a formulas, with reasonable factors of safety. The writer often de- 
_ signs for working stresses, but, fortunately, does not have to reckon — 
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SYSTEMS. 


issue should, at least, him of the suspicion of being 
a mathematical gymnast, , which seems to have been aroused in the — 
minds of some by the very modest mathematical exercises contained 
in the paper. It should be pointed out, however, that the more 4a 
yigid method followed by Church, when applied to the 
o ¥ practical case in which there is a minimum, states the onion. — 
of minimum cost in terms of relative stresses in a the steel and 


The question of combined moment ‘raised ty Mr. Lef- 


- fler is one of extreme interest. This was not discussed in the paper 4 
because the writer does not believe in relying upon arch action in ~ 
floor systems as ordinarily designed. T herefore, he confined him- — 
self to a consideration of stresses due to bending only. ‘The: simpli- 4 
_ fied formula recommended by the writer is just as applicable to _ 
4 working stresses as to ultimate stresses, but, as it is concerned with a 


the s stee] alone, it would not serve for the combined thrust and 


moment problem, without te suse of sp special values of a 
Replying to Mr. Hill, the not 
a duplication of his own mathematical ali in any case; the general _ 
a rule that minimum cost will result when the cost of the steel is as 
nearly as possible equal to that of the above ‘it, is the 
only practical result of the application of the calculus, and ti G 
fe _ merely one point that should be kept in mind, along with the cost — 
of centering, variations in the prices of steel and cement, caprices = 
‘all In reference to the dehydration ‘cement, mentioned by Mr. 
a ; ‘Hill, if attached web members are not used, concrete which is at ail @& 
_ dehydrated would certainly not be reliable for transmitting stresses 4 a 
into the steel. Even if attached web members are used, the con- 
—erete surrounding the main bars will take some stress; although — ; 
this action is not counted upon, it cannot be entirely avoided. 
Dehydrated concrete . would be very apt to crack and fall off, under i 
such circumstances; in any case, unless it is removed and good aM 
material substituted, the damage is not wholly repaired, 
structure is not as good a fire risk as it was before. ; 
Mr. Hill’s remarks in 1 reference to methods of 4 


are of ud utmost importance, and should receive most careful con- 
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Sewell. Gut the more general solution of his problem in maxima 
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“DISCUSSION : REIN ‘FORCED CONCRETE FLOOR SYSTEMS. 
also raises some extremely important points, Captain 
which should be settled by careful experimental investigation. 
‘The point about the effect of repeated loads is one of great interest; — 
the writer believes that experiments along this line will demon-— 43 
strate the value of attached web members, but frankly admits that, 
far, this is only an opinion. 
In reply to Professor Merriman, the writer cannot see any logical — 
__ difference between designing for conservative values of ultimate 


are determined by dividing ultimate stresses by. ana assumed 

- factor of safety. What is illogical in one method, is equally so 

writer has not had time to analyze Professor Merriman’s 

mathematical work, but it is apparently based on the full 

utilization of the concrete, in all cases, instead of the steel, it 

“necessarily leads to results different from those deduced in the as.) 

Pp aper. | Professor Merriman, | however, has not proven that his 

“method gives more economical beams than the writer's method. 

As for uncertainties, there is nothing more ut “uncertain ‘than the | i 

val - writer thinks that : a sufficient 

of well- conducted experiments. would ‘put a formula, ‘such | as that 


which he has proposed, into such shape as to be much more re- 
liable. than: any in whic isa fac tor. 


of formula recommended | the paper, has no nec- 


5 were on to ions tentative values of t the constants enter- 
g the formula, M = =, ht, a d. 
a sufficient number well- considered experiments | could 
made, the constants should be determined from them. 
In reply to those who fear that the writer’s proposed formula — ia 


lead to dangerous | results, he would say that ‘it is clearly: 


stated in “the paper that limiting ae of - ld t be properly. 


"determined, and always kept i in ‘mind. If this is done, dangerous — 


designs cannot possibly follow. 

The writer does not expect the is impossible from web reinforce 
‘ment, but he does" expect that it will prevent sudden collapse, 

in an any event, and will prevent total collapse until after the stress 

te oe steel has passed the elastic limit; just how far, is still 
a matter for determination. But, in any case, it will put rein- 
forced concrete, in the “writer’s opinion, on the same bi besis as steel 
beams and terra-cotta arches, 

surely fall out, and the beams be distorted so that they would wool 7 
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Captain to be taken out and or renewed after 
stresses in them passed the elastic: limit. ith complete web re- 
inforcement, the reinforced concrete. structure would be, at least, call 
1 
‘The writer regrets that his present duties prevent him from - 
— replying in more det ail to the various interesting criticisms a. 3 
his paper, , but thinks, on the whole, that the essence of all that 
could be said, is really contained in the paper itself and in this — 
discussion. Probably it is just as well to close the discussion 
here; the writer hopes that experiments will soon be made in an 


authoritative way, which will make a future discussion, 8 
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. .. When, in the course of professional practice, new facts are dis- > 


‘covered which either broaden or accepted be- 
ts liefs, it is a professional duty to present the results and deductions, _ 


after careful examination, for nefit of our fellow 


“Prove all things; hold fas fast that which is good.” ” 


aa In the execution ¢ of th the superstructure ¢ mal the » Quebec 2 Belles, with 
its 1 800-ft. channel : span, the great 1 magnitude o of the ‘members, the 
high working s strains, and other features ures of the work, have demanded © 
careful il study of many points, which, | in ordinary bridges, could be | 
have been overlooked or ‘neglected a: as of small importance. = 
— This paper wi will be confined to the new facts developed in r regard _ . 


It was a surprise and a cause of much | anxiety | to vad writer to 


| 

a 

-_¢ — 

| 

— 

= 

q 

ima 

a 

i 

= elongation of an eye-bar is from out to out of pin 

ted at the meeting of March 21st, 1906. a 


A elongation and elastic limit 0 over certain length of the parallel bar, a 


and then accepted this determi on as equally true applied 


to the whole bar. We have assumed that a set of bars carefully 

4 bored to an exact length would all pull to ¢ an “equal strain, as long as - 

the elastic limit measured on the body of the bar was not exc exceeded. - 


All these beliefs and assumptions are incorrect. 


In 1 ordinary bridges this has not been 1 a matter of much im- 
"il portance, owing to the low unit strains and the small change i in _— 


© 


= In August, 1904, the 2 manufacture of the « eye- sye-bars for the anchor 
arms of the he Quebec Bridge was well under way when the ‘question — 
"arose as as to what clearance should be allowed between the’ pins and 
iP pin- n-holes. es. The eye-bars forming { the tension members were 15 in. in 
width, from 13 to (2 in thickness, and of lengths from 50 to 
ft. The pins, except ina few ‘special cases, were 12 in, in 


diameter : and from 8 to 10 ft. in length. The maximum joint has 
“After” discussion, it was decided that the « necessary for 
a _ the purposes of erection should not be less than , gy nor more than yy __ 
in. about 1 the proportion given to ordinary bridge 
pins, 
the maximum working strains are 
4k practice, being about 21 pap Ib. per sq. in. in tension, the ‘intensity 
2 bees distribution of the local p pressures from the p pin to ‘the: eye of the 


‘The writer, prety a consideration of the ‘problem, re 
es 
_ ies while the local pre pressure must be very great, and the | pin- holes 
must deform elliptically, at Teast elastically and probably 


manently ‘under the pi proposed working strains, the solution could 
— be obtained by experiment. He then devised a ‘method of 


measuring t the elongation of the = from out te to out of pins, while a 
«fi the ber was strained to varying amounts in the testing ng machine. 


bars with different clearances were > prepared and tested | to 


a 000, 16 000, 000, and 000 per in. 
While the result of these tests (Nos. 646, 647, 648 649 0 
‘Table 2) was not. satisfactory, owing to the crudeness of the 
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y appliance, and the difficulty of the 


measurements in 1 the limited space, they showed that the bars, from 
out to out of pins, began to elongate permanently + at 12.000 Ib. and 
that the elongation increased with each increase of ‘strain. The 
amount of the pin clearance did not modify the results ‘especially. eo 
* Was this deformation, even : at low s ‘strains, a peculiarity of this 
_ “make” of bars, or or had it been observed i in other tests? ¢ Looking up 
old the: writer found | in his abstract of tests made at the 


St. Louis Bridge i in 1 1872, ‘that of 58 eye- -bars put to the proof test 
18 000 Ib per ‘sq. in., 5 showed a permanent elongation of the 


pix- i-holes of ts in., of on in., and 1 of them in. ‘These 


a In the ‘Watertown “Tests of Metals” for 1883, there were ieunl J 
ests on 6 “steel ‘eye-bars, where ‘the permanent elongation between 


at diffe strai is noted. They are abstr: 


TABLE 1.—Bars, 64 By 11N.; Pins, 5 Excess, 40 Per Cent. 
wes; Exp Section, 86 Per Cent. 


Ultimate 
Strength. 


67800 
64.000 


evident, that the stretch of t the eyes eye- 
was ni to the “make” of bars, but had always” 


=a As it was important to wis the construction of the work, it was 


decided to g give e the 12-in. pins in. ‘clearance, and, for the anchor 


arms then under construction, to add an extra allowance of of Psi in. 
to the elastic elongation of each eye- -bar for cuuiler determinations; 
_—* should the further and fuller tests, then determined uy upon, show _ 


— this: to be too : much or too little, ' the correction could be made in the 
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_ Stretc or Prx-Houes. tn INCHES, AT 
VaryYING STRAINS PER SQUARE INcH. 


12 000 |16 00029 000 24 000 28 000 Rupture. 


| 0.087 [0.052 0.055 0.118 
} 0.010 0.020 0.021 
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in 


Pin clearance. 


nta; 


r 
ss, in inches. 
erce 


0. of bar. 


Elongation, 
; strength.| percentage. 


Heat number. 


Thickne 
Ultimate stren; 


60 900 14 069 |} a These were the first bars — 

tested. The results given are 

61 220 |14 069 00 
appears to have slipped, es- 

56 200 |15 281 pecially in 648 and 649. 1% 
trustworthy. 
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+ Broke at flaw in head B. 


| Cut from same bar as 712. 


ze 


ba 


= 
= 
~ 


252228 


ai 


ERE 3 
= 
Ss 


0 
10 
0 
0 
10 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
B 0. 
A 0. 
0 
0. 
0. 
0. 
10. 
0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


by byte bo 


i 


~ 


= 


La SPR EEZTE ETE KS | 

| 

— 

| 

|. ai 

— 

4 

-| 

| a 


NEW FACTS ABOUT -BARS. 


‘The of the » permanent of the eyes, as 


were too to any y definite conclusions. * 
Preparations were made for fuller tests, and, to eliminate 1 the 


t method of measuring the | st tretch, and also to 
h eye independently, the following method wes 1 
adopted: Measure bar from out to out of eyes, and calliper 


eye and before putting i it in the 


20 000, ete., Ib. sq. in., remove it the machine 


cow In preparing the bars for test, it was determined to get from 


already made such a selection as as would give a wide range in 


Zs “heat numbers,” “thicknesses,” ’ “proportions o: of the head,” and ‘ ‘pin 
4 clearances. ” Some of the bars were specially bored to change the 
<7 proportions of the head and the pin clearances, and two bars” with | 

visible flaws in the head were selected. 


‘This s selection ¢ covers Bars Nos. 705 to 718. 2 The later bars | _ 


i In Tables 2 and 3 all the important data of the tests so far made — 


records have been given as recorded. Te will noticed 
that the tape measurements from out to out of eyes, while they agree 
reasonably 1 well with the sum of the elongations of the two eyes in 
- most cases, , differ i in . other cases. : This may be partly. due to errors | 


: _ of measurement and partly due to the measurements being taken on 
the bar r being warped 


é one side of the bar only; \ which, _in the case of 


by the s strain, would n not give the exact length, 
dit should also be e noted that in in taking out and replacing the bar, y ‘ 
% if it did not get the exact position it first oceupied on the ‘pin, there E: 


would be an additional elongation of the hole before it got its | proper 


= = A number of the bars were additionally tested by trying to main- Ae 
tain @ constant strain for several hours, to determine the effect of 
time. T There was an increase of stretch, but it is believed to be 


— least partially due to the difficulties of holding a constant } pressure 
on the machine for a long time. 
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A. Head B. 


1.46 by 1.64 in. 21.60 by 1.62in. limit, | 


Ixcess, 49.4%. XCeSS, 
‘igi al area oO of racture try 
23.56 i in. 


Strain per square inch, in Out to out of 10 ft.on body 
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== a number of 1 tests 8 had b been made, from 12 000 ) to 24 000 Ib., 


wes found that the : important data could be obtained wih less 
Prisca ‘removals, and thus save much time and labor. 7 Therefore, 


with of some records ds afterward w were 


four bars, Nos. 760-763, were to make con- 


nestion the testing machine. 7 The data for these members, were 


, but not carried to rupture, as | the un-— 


illustrate the method of the testing, one detailed test is here 
February 8th. 1905. Test Heat number, 
th,5s960lb. 

— 
_ extended over Wider Fange 


plotting results, “using” the stretch the holes after 


= rupture as as the upper limit, it v was found that at the: stretch of the e 


at various strains per - square inch followed a regular curve, differi 
bd for t the nee rent bars, but ¢ all having one general form, ‘Fig. 1 


CURVES, SHOWING STRETCH OF TWO EYES 
ATO DIFFERENT STRAINS PER SQUARE INCH, 


In order to save confusion by plotting each particular curve, i 


pom have been arranged i in eight different asians, according to their 
stretch (covering both eyes). ‘The ge ge of each class is ‘plotted 
in ‘Fig. 2ona larger scale Tie 
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NEW FACTS ABOUT EYE- pans, 


tb addition. to the previous 18 observations, a number of the ook 


vere scribed with fine lines, longitudinally and transversely, econ 
heads into spaces 2 in. square. After the rupture of the bars, 


these lines were traced and plotted, for comparison with ‘the ‘plots: & 


Beet 


of the lines on the original the qelative flow of the 


"metal in different parts of the head. ai} 


mensions are shown, and the values a are given in 1 Table 5. 


¥ 

4 

> 

— | 
Fig. 3 the principal and important changes trom the original di- 
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NEW FACTS ABOUT EYE- BARS. a 

- The line, x Y, is the transverse line through the center of te 

= pin- hole. “The « curved lines tangent to the elongated pin- 4 
‘xf hole are the forms taken by the straight lines tangent to the « original i 4 
hole before straining the | bars. e upper part of the pin-h -hole i is held 
y 4 to the form and diameter of the | pin and has elongated mare dun ihe 


ke lower The diameter of the lower half has decreased the 


4 


4 


is line through center of original hole 


4 the pin the ‘metal of the head is decreased in the com-— 
pression. ~The transverse dimensions across” the eye. ‘and neck 
7 reduced by the flow of the metal under tension. ‘Iti is | interesting to — 
note that, with these heads, the distances, H and on 


he he ads op posite the have’ ated very 


= 

— 

‘ 
— 


It ‘should be noted in eome » of the 10 and 8-in. bers 
this distance on one side has been decreased, indicating a compressive a 


distortion on one side. As, in two cases, it was as much as Ye and - 


 & in, , it would not appear to be due to errors in measurement, , the a 


Portion « of the me ‘tal most ‘severely taxed being that portion of the 
-imtrados of the eye lying between the horizontal and curved lines a 


a... The head, No. 708 A, pulled soil in the neck, » one side, 
decreasing 13 ‘in, » while th the other side, ‘A, decreased # in., 


to the fact ‘that No. Ay was thicker, having an 
excess of 53%, while No. 710 B “ar only 44 per cent. _ 


| — 


Similar were made upon 


7 a The heads of t of the r riveted links, not str aie fon Tu showed a 
All the transverse lines below. the center pin and those 
than in. above ‘the center of the pin in a di- 
a curved form, as t shown in Fig. +. 
This was due to absence of any n neck below the pin, 
- the greater st i stiffness of the material shove th the pin to resist bending. 
CONSIDERATION OF THE RESULTS. 


_ As far : as relates to the original purpose of the first tests, v viz., 


/— determine | ‘the effect of the pin clearances, the tests give no detnite 
answer. ‘The different pin clearances vary from 0.031 to 0.084 xa 


a | heads at these points had not been strained much more than the 7 
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NEW FACTS ABOUT EYE-BARS. 


of the eyes, it is “hidden i in the far greater influence of other factors. 


‘The eyes would undoubtedly elongate permanently were the sn 
"fitted perfectly tight 
ca In like manner, the influence of the percentages of excess of the — a 
head is indeterminate. Bar No. 109, with excesses of and 
- gave the same result at each eye. The eight eyes of the e four bars 


No Nos. 760-3, which were made f from | rom one mill ba bar, ; gave the sieiciae neil ; 


ny 


Elongation. 


tee 


these and to be an in- 


would indicate that for the results this ¢ EXCESS should limited. 
the "Watertown tests quoted, and in the riveted links, Nos 


: 758- 9, the | frontal section in the first being 86%, and in the second — 


dq 119%, of the body of the piece, the material at the e end of the eye 


; — ‘tended to buckle instead of stretching, : as is the case with smaller 
_. percentages in the end of the head. _ The study | of the present tests 


rs the writer to believe that a a great strete h of the eyes before 
rupture, heretofore ‘considered as showing a tough and tenacious — 


las ‘material, is no more desirable than a tendency to buckle in front of >) ; 
the pin. The best proportions of head to resist the e elongation o of the 
eyes under the working strains cannot be decided by the present 
tests. It is thought probable that, for circular heads, excess 
across the eye, thus making t the e1 om © section on 75% of the bar, would — 


- are a general examination of the tests it will be seen that the 


iy : Before the tests had gone very far, it was decided that the tensile 


bars of the higher tensile strengths gave the better results, 
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and the p pin clearances for the bridge bars | limited to g'; in. oe Z 


ow hile the pin clearances, excess of heads, tensile s strength, — 


~The original bridge bars, | being | more than 50 ft long, were cut in in 

half and additional eyes ‘made, s so as to ‘make | two test bars. In one one 
—~ above 1 mentioned, four test bars were made from one bridge bar. 


stretches, : at 24000 Ib. per si sq. ‘in., , ranging from 0. .135 to 0.2 .266 ‘in., or, 


The four of Bars Nos. 7 706 707 


> 


about as 1 to 2. That a long bar (more t than 50 ) ft. ), would differ i in 

quality at the two ‘extremes, , does not exp explain the ‘difference, for, on A 
assumption as to whieh two heads | were made at the adjoining 
—— ends, there i is still a minimum difference of "y stretch of | 0.059 in, 


Similarly, for Nos. 708 and 709 there ere is a ra range from One to 
0,106 in, with a mir 


0.074 in. 


It will be noticed ‘that bare first tested gave the worst results 


- (and it was fortunate that this was the ca case, for otherwise the rains 
_ sity for a fuller series of tests might not have been recognized), pre- 


‘sumptive evidence that more care had been taken for the later bars. 


The manufacturers and the Inspectors ai assured the writer, h however, 
_ — no > change had been | made i in any of the Processes of the manu- 
> 4 facture | of the later bars. = It was then decided to cut ‘samples - from 


the ooh yorst heads, Nos. 705 B and 706 A, and from one of the best, 


14, for nicked fractures and for tensile test, to see what a — 


a ‘Samples | Nos. 1 and 2 were cut from each side of the head, No. 8 


a that and No. 4 from of the 
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luster. No difference could be. detected between the several 
For ‘No. 711, the samples showed a a slightly « coarser grain, with a 


suspicion of yellow ish tinge in the samples | pant the head end neck. 
af These samples were examined, while fres esh, by practical steel 


orkers and experts. 


ad 


would explain the different action of | these heads. 


tensile tests (samples 23 unannealed). ar are shown i in Table 6. 


‘Ultimate Elongation Reduction 
Strength. | in 8 in. ~ j of area. 


cup. 


cup. 
— 


60 060 
760 


64 19. | cup. 


from the body of 
bar. No. 711, 8 «65.8 


_ Nore: As Bar No. 705 broke at a flaw in the head, B, the full tensile strength of the 


An of the tests for riveted links, Nos. 758 


shows that, even here, where there were no heat treatments, 


- either of forging 0 or annealing, the stretch of the eyes varied, , the two 


of No. 759 varying strain, and at 24000 lb. the differ- 


inspection of Fie 2 shows that each class of bars, 


after giving a a steadily i increasing stretch, up to a certain point for _ ‘i 


ae = class, then | begins to yield more and more rapidly, the bars of i 


higher tensile strength, a rule, and presumably the herder 
bars, resist this breaking down 1 up to. a higher p point. e unequal 


pulling of in different hi heads and in different t parts of t the 


a nicked fractures of the samples cut from Nos. 705 and 706 = 
4 

< 

— 

Oy 

va 

im 
— 


ah same » head, as clei in Table 5 and Fig. 3, , shows that the metal is 
homogeneous, but is softer some | bars and in different parts 
the same bar. it is probable that the breaking down of the 
_ ‘metal i in front of the p pin . unequally i is a large factor in the a a 
It is undoubtedly a great mistake to seek | a soft end: ductile eye- i 


processes. 
by using either low tensile material or softening 
get ‘results, we “must either of a higher 


nces 


the tests have extended over a year’s” time, 


_ every effort has been made to have them fairly represent the bars as. 


_ manufactured from time to time, it is s believed that the actual bridge 


‘These tests not take any. of the elastic elongation 
eyes, which no doubt occurs, but would p robably and 
for the different bars. 


as to “How will a series of such bars ‘bese pall a - Be 


ale te two or more e bars with different | curves of stretch are oso 
to a fixed ‘amount on the same pins, the ; parallelism of which is 
assured, the total elongation, A in n Fig. 6, would be equal, but 
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a tions of the heads being better, a 

‘Upon the development of the fact that eye-bars were not 
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The elastic elongations, A B + A’ B’, corresponding to the total 
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FACTS . ABOUT EYE-BARS. 


hed; must be divided between the two bars proportionately to A 


B’. « difference | of ‘strain on 1 the two bars will depend 


a lastic elongation, AB re A’ B + 
‘The permanent s stretch, at any any working strain, being independent d 
the length of the bar, while the elastic elongation i is proportionate 


a the ratio of the difference of permanent stretches, B B’ , to the 


to the length of the bar, # the difference of strain in such bars 


vil be less as the lengths of the bars are greater. 


a 


a In ‘Fig. 2 } the line, A B, is the elastic line for a bar 50 ft. long. 
‘The vertical ordinates between | A B and A Os give the , elastic elonga- : 


east of a bar of this length for any strain per square inch 7 


vertical distances igre in tot the @ curve 0 of any bar gives its per- 
manent stretch cach | strain. Any d A’ drawn through 


points de crossing, the strain 0 on n each bar for that 


4 


loading. The total elongations, being between parallel lines, 
be equal : at these points. 
a For bars: of other Jengths, the elastic line must be changed to 


Although it is believed that the actual bridge bars are better than _ 


the | bars: tested, will be assumed that the various bars shown in 


ig. 9 cover the extremes, mes, and ‘Tepresent the > variety of bars. to be 


50 ft. off the on each set 


Teadily get the for call the bars and the limits of the 
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428 NEW FACTS ABOUT EYE“ BARS. 
W hich indicates that for bars of this kind, when pulled t together a iy 
on pins held parallel, for an average working strain: of 21.000 lb. 
per sq. in., , the softest bar will have only Ww 600 Ib. per sq. in., or about — 
84% of the oe strain; and the hardest bar will have 22 450 Ib. rr 


length—the difference i in strain will be still ue 


For bars of short lengths, under high working strains, the differ- 
ence” in strain becomes very great, which renders: the u use e of such 


ge the longer bars, up to 58 ft.— 


ds "bars very undesirable. It) will be seen ‘that, for much lower working 
~ strains and short bars, the bars will be subject toa a like va variation of SS 


os strain, with lon bars 1 the hi her strains. 
g and t higher strains. 


ei is very sure, ‘therefore, that, when using high w vorking strains, 


are required for structures of great "magnitude, bars only 
om be used, ‘if of the eyes cannot be. over ercome. 


wm 


For: the w strain of 21000 Ib. in., it was ves toond that 
; hy a full set of bars of this kind would take a a permanent elongation o of 7 


about ‘in, or grin, for each eye, and this amount was 
in all camber determinations. Further, it is thought that the 


at than 14 in. n. either way, an amount no importance. 
There are other features, connected with the action of such. bars, 


within the scope of. ‘the present paper. 
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B. 
_ terest in connection with ‘these full- sized tests is that, on 50-ft. eae 


q . they offer | a confirmation of the specimen tests made by Bauschinger _ 


years ago. Mr. Cooper’s tests on eye-bars show a permanent set at } 
a strain of about 12 000 lb. per sq. in., 7 his specimen tests indi- 


longer, it is possible that a set have been ob- 
a - served at even a lower strain. This, to the speaker’s mind, is a very 7 
satisfactory: confirmation of the deduction of Bauschinger that, 
_ a strain is once applied, the elongation is never entirely 7 
eliminated, it may decrease if allowed time for 
These tests, the speaker condoms the statement ‘made by 
him i in a paper* upon the Launhardt formula, that the experiments 7 
_ of Wohler entirely destroy the theory of the perfect elasticity of 
4 ‘metals as formerly accepted, and require that the term be aban- — 7 
doned and a new definition sought. ‘Since that date the term, 
oF “yield point,” has gradually replaced the old term, “ ‘elastic limit.” a 
Cooper’s experiments are valuable in demonstrating the 
_ necessity of considering the results of refined testing in —_ 
Mansrietp } Mrnenax, M. Am. Soc. C. E.— -The full-sized 
y ings exhibited by the author show the distortions in the eye- bar 
heads more clearly than the speaker has heretofore seen. From 
these lines it is possible to study the actual distribution of the stresses ne 
> throughout the metal, and probably a more precise knowledge might har 


be obtained than that which we now possess. The lines, ruled on A 


the head before making the test, were parallel and normal to the i 
length of the bar forming 2-in. squares, and the distortions of these 
squares indicate the nature and the ‘telative intensities of the 
- stresses. Where a square is seen to be distorted into a rectangle, 
*s one side being shorter and the other longer than 2 in., it is known > ef’. 
that there compressive and tensile stresses at angles to 


may be able to publish one or more of them for the benefit of the - - 
Referring now to the general question by the 
it seems to be proved by the tests that the elastic limit of he 
“the eye- -bar, as a whole, is reached before that of the bar gun t 
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due to the small bearing paren between the pin and the head. “The 
usual rule for determining the bearing compressive stress, by divid- a 
of ing the total tensile load by the diametral area of the ) pin- -hole, is, “aa 
course, a rough approximation, and it is « certain that, with the usual 4 
“ ~ clearances, the actual stress between the | pin and the eye- -bar head is of ee. 
_ very much greater than given by this rule. As a consequence, the — ee 
compressive elastic limit of the metal in the head is exceeded before _ 

7 _ the tensile elastic limit of the metal in the bar proper is reached. q 
; —— the shape and size of the eye-bar heads have been 80 
the bar, and hence the author’s conclusions throw no distrust upon — 

the eye-bar system of bridges, as far as safety is concerned. hh 5 
investigation, however, of value and importance in computing 
the: camber of long spans, and also for cases where the deflections 

of the ends of projecting trusses require to be computed. __ ih) ot 

_ In order to decrease the compressive stress in the metal back of 

the pin, it has been suggested to increase the thickness of the head a. 

of the eye- -bar, and also to use a harder steel for the head. . While 
head can be it is doubtful if it would 


{ in this case » the’ elastic limits of both head and bar would be share 
_ the allowable unit stresses would also be taken higher, and, hence, _ 


the same phenomena as before would occur, 
_ A third method that may be suggested is to cut the eye-bar hole _ 
of oval shape, the shorter diameter of the oval being a little larger 
vf than the diameter of the pin, while the longer diameter, which is Wi 
parallel to the axis of the bar, is sufficiently large to give ample 
clearance. The curvature of the oval at the back of the pin should — 


. used should be such that, for a certain tensile einen in the bar, say, 
5 000 lb. per sq. in., , the radial compressive stresses between the = = 
~ and the head would he: closely equal over an arc. of 120°; if this can 4 fe 
a be attained, the intensity of the radial compressive stress will be 
a less than 18 000 Ib. per sq. in. The theoretic determination of this 
--- eurve is not an easy matter, tee the pin, also, is deformed as the > 
c stress increases, but a few experiments would undoubtedly result in 
: producing an oval hole for which the distortions of the head would 
a be very much less than those shown in the author’s drawings. While 
the eutting of such holes would add somewhat to the cost of the eye- a 


bars, it may be noted ‘that the difficulty of a ‘through 


— 
_ 
4 
-— , 4 Quebec Bridge. The use of harder steel for the head does not seem — f 

j 

a 

a q _ ite, _ into bearing, does not quite touch the back surface of the hole, but _ a mi 

a 
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yes in on would be much diminished, since ee eval Mr, Merriman, 
holes would furnish ample longitudinal clearance. 
ALBERT J. M. AM. Soo. (by letter). — —That an eye M Mr. 


ta Although ; it is not found in practice e that bridges are developing be 


a deflection such as would be caused by elongation of the pin-hole, 7 Lr 7 
and, in taking down numerous old bridges which have been subjected 
to loads: far beyond those contemplated in their ‘design, no 
formation of the pin-hole has been noticed, these facts merely bp 
demonstrate, as in the case where one of a pair of eye-bars carries a 
the whole load, that the assumptions of loading and factor of safety 7 


are so liberal that defects, like this lack of strength in the pin-holes, 
_have not produced any noticeable effect in working structures. ae: i> a 
a Such defects, however, are elements of weakness which — as 
"reduce the supposed factor of safety and render of small value the 
liberal sections brought into use by some of the impact formulas. “a 


The author’s: discovery will also do much good indirectly by 
checking a tendency toward over-confidence in the perfection of the P- 


= of bridge building. - That there is still something to discover is _ —t 


es evident, und the need of greater caution is plainly indicated. — a 
~~ A theoretical discussion of the effects on the pin- -hole of tension : 


on center line, and each half 
si the bar to carry its proportion of the tension , 
_ independently of the other half, and then, if the yA ae 
head of the bar be cut through the center of the i Bog 
- pin- hole at right angles to the axis of the bar, . 
a - the result is a free body, shown in Fig. 7. This 
free body is acted upon by only two yA ten- 
sion in the body of the bar and a parallel, ten- he 
‘sion in the head ; but the two forces are sep- 


by distance, a, thus forming a couple. 


ease, the computation the outer fiber stresses 


in this section will show that the usual working — 


- stress in the body of the bar produces stresses in the peal 
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Mines a bar 1 in. thick. 
Assume a stress of 12000 lb. 
Tension at D = 6} X 12 000 = ue 000 Ib. 


Arm of couple = =6}in. 
couple 469 000 it in-lb. 


i. 


Moment of inertia of A B= = 35.2 


Outer fiber at A : _ 469 000 X 3.75 


This condition agrees precisely with those reported by the ‘author. 
a He discovered compression at B and elongation at A, and a 4 

‘4 manent deformation when the unit tension at D was 12 000 Ib 

“= With the change of shape | of the pin- -hole, there must come oe 
_ re-distribution of stress in the section, A B, so that the tension at 4 @& 
_ will decrease and the compression at B will be changed to tension. : 
_ If the direction of the tension at C be changed so as to pass through . a 
head and intersect the axis of the bar at E, there is no longer a 

couple, and the tendency to deformation which it produced in the 44 
ns section, A B, has ceased; or, it may be said that a second couple has — 

va been formed by the lateral pressure against the pin and its corre- 


— 49 960 lb... 


rection opposed to the first and relieving the bend- 

= ing stress in the section, A B. This condition agrees well with the 

4 fact that after a slight stretch at A, the pin-hole is not generally aa 
ruptured, although the bar breaks in the body under a tension four — 
or five | times as great as that which caused the first deformation a. 


Mr. Cooper discovered thet slight variation in the pin- \-hole 
i emesis produced no appreciable effect in the deformation of the 
ips and ‘this fact also agrees: with the theory, since a ‘maximum 


variation of, say, py in. is very small, compared with the a arm of je 


gue attempting to meet the requirement that bars tested to de- 


little attention to the character of the deformation. 

_ If the section, A B, could be given a moment of resistance = | 
a enough to keep the tension at A well below the elastic limit, a con- 
dition which exists the riveted flat bar, Fig. 4, the defect would 

er be corrected. Another remedy would be to alter the shape of the 
= -hole and head to conform a to that due to final — 


| 
4 
™= =... 
— 
= | 
¥ 
| 
— 
= 
- 
= ‘ 
4 
| 
a greatly lessen the defect. The bar would still have to stretch 


= fairly assumed that the bending moment has been eliminated. _ The 


5 


~ 


to come to a bearing on the sides of the pin, after which i it might be Mr. ‘Himes. 


manufacturers would find some ‘difficulty in n making the elongated — 
holes, but the tests appear to indicate that an improvement is needed. — 

cae The author’s conclusion, that bars of high tensile strength are - ot 

to be preferred because they exhibit less deformation in the tests, ne 
would seem to be unsound, because such bars would be strained to : 7 
‘the yield point in the section, A B, as well as bars of softer material, a 
and, if steel must be deformed, it is well known that the — 
_ While eye-bars are under consideration, the walter usions to say 
‘something in reference to annealing. There seems to be a a prevalent 

- jdea that the full-sized test is satisfactory if the bar does not break 
in the head. That result is assumed to prove the success of the 


ak 


bridge shop; wil previous specimen tests have shown the character 


Fractures partially crystalline are very co common, and brittleness 
sometimes appears. These defects, in all probability, are due to 
eat treatment, and, as the bars have been annealed, they cannot be 
a to the rolling mill. The full-sized test should be a test of 
annealing as well as a test of the workmanship on the heads, and 
there can be no true test of annealing unless a bar is broken from 
_ every charge of the annealing furnace. 
 - The annealing of eye-bars has long been subject to the personal — 
skill and supposed infallibility of men who, though faithful and on 
_ skilful beyond the average, have, nevertheless, a poor conception of 
; the scientific properties of steel. . The importance, in annealing, of a 
uniform and rapid heating to a temperature, not too high, and a 
4 
uniform and fairly rapid cooling, is not generally 
Ridsdale has shown the effects of too high a temperature and i - > 7 


; chilling,* and bars that bore all the evidence of such treatment — 
id 


been seen by the writer. - It would seem that the substitution of a 
pyrometer for the time- honored color test would afford a more cer- . Z 


tain control of the temperature and be another step in the march of : 
AG 
A. W. Assoc. M. Soc. C. E. (by letter).— —The 
‘author states that the failure of the rin enue, as show. 
3 by his investigation, is not of much importance in ordinary bridges A at 
on account of low unit stresses. It would seem to the writer that 
stresses in ordinary bridges are ‘frequently, if not generally, 


E high enough to come within the range of those which are shown to 


be serious. With the increase of loads and with the impact, in the 
ease of railroad bridges, the nominal stresses for which the struc- 
tures are designed are “ay increased, _ and the details should be 
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| Mr. Carpenter. ‘such as as to take car care of : any increase in 1 the stresses as well as in | the 

In view of the results obtained by the author, the present gen- 

4 of eye-bar heads is defective, even for 


dinary structures, especially as the tendency is toward smaller 
heads. The author’ experiments were conducted upon bars 


a 3 with in proportion than are now furnished in 


excess. was s 31 per cent. The concern in ihe country. 
has, for a standard, a head with 30% excess of section through the a a 
eye, and guarantees the development of the full strength of the bars 
with such heads. It would appear from the author’s tests that ‘the 
a stretch of the pin-holes in such heads, due to st w 
a ing limits, would obtain in greater degree than with the larger roar = 


_ It would seem, therefore, that the manufacturers should change their | 

standards to produce larger heads, even at the expense of some metal — 
= and room for clearance. "4 This would seem to be a primary po 
the right direction. = As pointed out by the author, however, some- 
_ thing more is necessary. He shows that reducing the pin clearances — 
and i increasing the size of the pins does not affect the results. wernt 
He « calls: attention to the — of harder heed and the 


a0 finished work may be more nearly of the same strength throughout. 7 4 
With the added advantage | of stiffening the pin- -holes, this would 
surely seem to be the proper selection of material. 7 This, of course, 
is in line with the author’s suggestion, his other recommendation be- 7 
ing to stretch the eyes longitudinally before final boring. — a 7 
Matter may be practicable, but seems to be a little doubtful. — 
‘a a The writer would offer the following | suggestion: that the hens 


of the bars be made thicker than the bodies, a method which was 
extensively used at one time. This would seem to be the most 
- efficient method of decreasing the maximum pressure | of the pins on 
pin- holes. This pressure, owing to the necessary clearance of 
the pin, however infinitesimal, must be a variable pressure, having a 
‘maximum at the back of the pin-hole in the line of stress. ‘This | 
maximum pressure is reduced directly in proportion as the heat is 
7 thickened. The section in the head could thus be very rapidly ‘in- | 
creased without increasing the diameter, ‘and the manufacture ¢ of | 
such heads would seem to present no difficulties. _ The disadvantages — 
would be in the increased space occupied in silted the increased 
length, and, probably, in the increased strength required for the on 


minor in the thickening of the heads would be the 
= > “oe 
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. - x greater separation of the bodies of the bars, as these sometimes lie mr. ‘Obneo, 7 
too close for painting. It is possible that a very slight thickening i a 
would give the desired result, but this is a matter which it would <7 
only seem possible to prove by experiment. 
An old handbook of the Phenix Iron Company gives a table of ; a 
dimensions of thickened eye-bar heads, which shows the range of 
thickness varying from } to § in. for bars up to 6 in. in width. The — 
excess section obtained varies from 43 to 87 per cent. The material, y 
; of course, was iron, and the writer understands that the heads were Y 
_ formed partially by piling and welding, and partially by upsetting. —_ 
_ The writer’s suggestions, summarized, would be, to make some bh 


Bede with heads of the usual circular shape, and with a section r 


the lines followed by the author. - Some ens | in the oe 
design and method of manufacture should be made to remedy the 


Joun Tuomson, M. Am. Soc. 0. E. (by -letter).— —The following mr. 

: observations, while not derived from a line of application similar to "i 

that described by Mr. Cooper, may yet have some interest, and in- a 
dicate a line of further experimentation which, if carried out 7 


erly, may cast additional al light | upon the subject. 


“We have assumed that a set of bars carefully bored to an nent 


— length would all pull to an equal strain, as long as the elastic limit — ti ’ 
— on the body of the bar exceeded.” 


The writer can say that, in experience with short connecting 
1 rods, used for heavy duty on printing and embossing machinery, it 3 
_ has been known, for a considerable time, that the design of the eyes ry: 
7 and the relative proportion existing between the bearing surfaces ye e) 
a thereof and the pins upon which they act, are Saotons of the ft r 
- Thus, if the eye- -bars described in the paper on regarded as om 
7 necting rods to be used in tension on a machine, then, in the 
_ writer’s opinion, the reason they failed in the manner set forth would 2 
be due to the fact that the bearing surfaces, as as between te bores of 


ver 


bee Fig. 8 is a view of a 15-in. bar, 2 in. thick, with a 12+ -in. ae Pa 
_ The effective are of contact on such an eye and pin will not exceed — - 
120°; ; if loosely fitted, as stated, it will hardly exceed, say, 90°, which — ne 
is the are of contact in primary intimate contact. But 
_ the maximum, or 120°, the effective area in contact to resist the pull ai 
- of the bar will be approximately 25 35 sq. pestis of = rod, 


q q 

4 

medium steel running ‘to the highest limit of tensile strength = 

(70000 Ib. ultimate strength), with heads thickened, say, 25% over 

— 

q 

‘ 

; 
im 
= = 


Mr. Thomson, 15 2 p 
~per sq. in., a total test load of 720 000 ; and this, divided 


“4 the area of the bearing, gives an average pressure of 28 800 lb. per 
gq. in. of that surface, or 4 800 Ib. per sq. in. in excess of the tensile _ 
; - stress per square inch in the main body of the eye-bar. The a 
g limit of the steel is not given in the paper, but it may be assumed 
as being not far from the pressure developed within the ey eye upon the 
: pin at the test-strain quoted. Be this as it may, it is a fact that, © 
- with the relative proportions adopted, the intensity of pressure, even ‘ 
- upon the most favorable assumption of conditions, is s greatest ; where 
should be the least. wy 
_ The remedy, assuming that the. adopted cross-sectional area of. 
the a main body of the bar is a is to increase the area of the 


contact between 
bearing p pin, and, in the writer’s opinion, a such a purpose, the ex ex- 
7 tent of this bearing should be no ene twice that of the cToss- 


and its thinness doubled. _ The mass of metal is approximately an. 


game in either instance. In this way the effective bearing surface _ 


is doubled, that is, it is 50 sq. in.; and, under a loading similar to - 
_ that cited, the pressure per square inch would be 14 400 lb., or 9600 _ 


Ta. peu. su, in, Jess than the tensile stress in the main body of the © = 


bar and 14 400 Ib. per sq. in. less than that in the bar of a 8. . In Sh 


thew writer r’s feature is the key to proble m. It : 


— 
— 
— 

— 
— | ss two ways: First, by considerably increasing the diameter of the __——s_—s 
Pe --. ea and eye; or, second, by increasing the thickness of the eye. The bi 
| latter method is regarded as more preferable. Such a construction 

lm 


ber of these rods had failed, having fractured through the forward 


form indicated in Fig. 9, but this would probably be “all to the | ES 


: may not n quite so “handy” for siltiee, mills to slab out bars of the Mr. Mr. Thomson. ark 


good,” as there appears to be no reason why bars of the dimensions | 
_ given in the paper should not have their eyes formed by forging, or 
: ‘hydraulic pressure, in forming-dies, as has been done most success- — e 
fully, in thousands" of instances, in the writer’s own experience. 
9 In this way, too, there is another advantage in that the forged bore _ 
3 the eye can be swaged, relatively cold, thus condensing and hard- a - 
the metal where it bears upon the ping 


-‘There is another point relative to this which, however, is 


presented with some hesitancy. . It is illustrated by Fig. 10. Here, 
- the query is: ms Would it, or would it not, be advantageous to flatten 
mA pin at the top and bottom, line 8, at right angles to the line a 


not + poston to say, although he does not know of its —_ g been 
ado pted outside of his own practice. For several years past, this — 


etail has been used especially i in bearings, from 12 to 15 in. in di- 


ameter and with 2 to 3-in. face, in embossing presses subjected to _ 
~ exceedingly heavy duty. -Prior to making this modification, a num- + ; 


quadran nts of the agen, where, it may be observed, practically allsuch 
fractures take place, at least in the service now being considered. 7 
Since making the change in the bearings, that is, planing the flats, — 

_C, at the top and bottom of the journal or pin, not a single eye has ~ 
increased. What is the reason? This the writer does not pretend - 


* answer definitely as the result of actual demonstration, that is, 


a = although the duty demanded has since been considerably = 


20%. 


— 

4 
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theory as to the cause may be stated as follows: 
When the eye of the rod is is subjected to such a stress that it at 
stretched away from the free | side of ‘the bearing, as h, or, what 


ee of the journal or beastinns -pin; and, as a considerable portion of the 


. == in these locations: (20°, 80°, 40° 0 is but ‘slightly effective i in 


effective wedges, to the divest or normal ¢ strain, and operate 

- to burst the forward quadrants of the eye. This so-called “wedge” — : 7 

is denoted, on the lower edge of Fig. 10, on an arc of 30°, in which © a 
4 the bursting effect would be as the relation of the versed sine, d, to 

- the sine, e; or, say, about five times that of the primary strain, fric- 
tion being disregarded. — Obviously, the same result would be ob-— 
q tained by slightly clearing the eye, as at R, or by a less flattening 


of the pin, as denoted by the line, T. It may be mentioned that — 
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“a 
lubrication, and permit a preliminary fit, upon the circular ares, of 


Whether the foregoing theoretical explanation stands or falls, Vs 
proof of the effectiveness of the principle in practical use, in the 
4 application ¢ cited, is complete; and the writer would have no hesita- 
tion in utilizing it under any analogous condition. In other words, 7 


a of Mr. Cooper’s opening text, “hold fast 4 


to have a lose. working ‘combination theory and 
which is intended to apply especially to Figs. 8 and 9 and the de- 
Moutton, M. Am. Soc. C. E—The author has stated that, Mr. Moulton, 
under ordinary working stresses, the elongations in the shorter bars 
- differ from those in the longer bars. Does it follow, therefore, tht 
the general methods of computing the deflections will have to be 
modified on account of elements introduced by the difference in the 
lengths of the bars? This might occur, for example, in the case of vn 
a cantilever in which the top slopes toward the ends of the truss. — ee 
th the ordinary method of computing deflections, this difference — 
in the lengths of the bars is usually taken into account, but, from — 
the author’s statement, it would seem that the deductions would be 
necessarily different in the case of bars of different lengths. As a 
4 result of the author’s tests, is it possible to compute approximately wie : 
how much allowance should be made? ; 
D. Van Buren, M. Am. Soc. CO. E. (by letter) —While reading Mr. Van Daren. 
Mr. Cooper’s valuable paper, it occurred to the writer that a ~— ae 
eye-bar would act in very nearly the same manner as a steel one, “a "q 
— within the limits of elasticity, and would show the strains plainly on ae a 7 
asmall scale. The experiment was made, ai nd the results illustrated by — S 
_ Fig. 11 are submitted at the suggestion of the author, who informs _ “ 
the writer that the lines of the rubber eye-bar correspond exactly bi 
in character with those of the large steel bars of his own experi- - 
ment. The writer is in hopes that elaborate experiment 
| with rubber may lead to results of some practical importance in 
oo the distribution of the stress quantitatively as well as — 


a dimensions of the -eye- ye-bar were as follows: 
Eye = 23 in., outside 
Pin =1in. 1. diameter. 


z 
lines, with squares inscribed The the sien is the 
"the: is chown in dotted lines. The pin- “hole, a as distorted 
‘ 
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Mr. Van Buren. the is shown by the dotted line, a bE The slanting 


dots corners of the squares after distortion the stress, 

aoa ‘The difference between the areas of the original and the pon 
squares, or between their sides or measures approximately 
A the stréss at any pat 
lines, are the greater ; if they are ‘smaller, with inter- 


stress on the outer edges, D 8 and B 3, is small. 
The cause of this is evidently the bending action on each side of — a i 
pin just below B D, which increases the tension at the pin and © 
- reduces i it on 1 the ¢ outer edges. — At a, for about half way to A, there 


gion; so that there is a neutral point a and A. top of 
the eye above line 4, or line 5, appears to be strained somewhat in 
the manner of a beam. There is compression at where the two 

streams of of the flow meet There i is apparently a curved bound I 
shearing | stress, starting near b, cutting a A below A, an 
ing near d, surrounding the compressed area. 

excessive stresses and strains in steel eye- -bars, and 


With a solid having considerable compressibility and a char- 6 
acteristic texture, however, the is not complete without 
perpendicular to the face of the bar, or As rubber 
has very little compressibility—in other words, has a very ny 
modulus of elasticity of volume—it is evident that the volumes of 
the prisms represented by the squares will remain nearly constant, : 
and that, therefore, the changes in areas’ of the squares will be es 
~ accompanied by proportional changes, « of an opposite character, in 
the thickness. Practically, with rubber, the coefficient of transv erse 
linear expansion or contraction must be one-half that in a longi- | 
tudinal direction—that of the load. The relations between the 
_ stresses and strains, in such a case, are comparatively simple; but, | 


with mo more compressible ‘solids having complex it is difficult, 


experimenter in search of the best requires 


_ ‘4 the greatest possible uniformity i in the stresses and strains. 
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record of the distortions in the three directions. While it may not 
possible to determine the stresses from the strains by the dis- _ 
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r.Van 2 Buren, insta tests, marking th the satate of set and rupture, as carried on 
by the author, are the only safe guides. The mathematical theory 


fi of elasticity applied to a diagram of strains in a solid of complex 


Fia. be, 
- A Aside from considerations relating to the « difficulties of manu- 


: Bi facture, the results of this little experiment seem to point to the - 
modifications indicated by Fig. 12. ‘as remedies for the excessive 
stresses adjoining the pin. excess in these shapes te 
r. Schaub. J. W. Scuaus, M. Am. —The results 
_ tained by the author are not new. “we he cave, ‘referring to his 
notes on the Eads Bridge, he finds, in pulling some iron eye-bars. — 
a up to a proof stress of 18000 lb. per sq. in., that a permanent de- a i. 
_ formation took place in the eyes. If the writer may be be pardoned — me 


for the transgression, it may not be out of place to say that he ys 


greatest educator in the art of bridge building, even to-day. 
ae In those days it was customary to pull all eye- -bars, in the — 
an, up to a proof stress, usually twice the working stress, ae: 
about 18000 to 20000 Ib. per sq. in. y This applied to all iron 
eye-bars, and was the accepted practice until the advent of ‘the — 7 
steel bar. This test was for the purpose of dev eloping any flaws in the | 
head which might exist in the weld; but, as fara as the writer knows, 


‘ duced in the head of the bar. he This fact was well rae and in 

looking over his notes on iron eye-bar tests made at Edge Moor, Fr 

in the period from 1881 to 1883, the writer finds in many cases the - 
note that a permanent set took place i in deans head of the bar. This 


q 


believes the history of the building of the Eads Bridge to be the ” | 
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ee was first noted when the original ‘mill s scale and cinder Mr. Schaub. 
ty began to flake from the head of the bar, sometimes back | of the Cs a 


pin, but “usually near the. neck of the bar. The permanent set 
given to the bar was never as much as a in., so that little or no 
attention was paid to this deficiency, and, as long as the bar did — 
not ultimately fail in the head, it filled all the requirements. a 
é These distortions are not confined to eye- bars. They will be 
sd found in compression members, as well as in tension members, — ae 
lg and in riveted connections as well as in pin connections; in fact, — ae a 
in all cases where the stress is applied to a theoretical point in the ho 
-member, and where insufficient means are provided for distributing — 
this stress into the body of the member. This defect is inherent — 
hi in all designs, more or less, and cannot be avoided without pro- 
viding a sufficient amount of extraneous material in the connec- 
to distribute the stresses properly, within the limits” of -elas- 


In the case of eye- ie, the difficulty can be overcome to a great 
—_- thickening the heads; and, at the same time, making — 
the heads elliptical, or longer, so as to increase the metal in front 
and back of the pin. This was the shape of the heads ‘made 
an Bel bars, before the circular head came into general use, and ee 


aS criticism offered by the author as to ‘omen 


tortion of an eye-bar end, and for the steor summer i in which he = 
= the result of his observations. 
Having examined the drawings of the eye-bar ends , both before 
a and after the application of stress, the writer does not see why 
mm) the comparison between the two forms (before and after stress) 
= be made from a line ps passing through the o original center a 
The pin pressed against the ‘metal o of ‘the te of the 
eye, and remained pressing against the metal at that point until — a 
a the end of the test. Assumin x that the ‘pin remained stationary, — 
: ‘the metal of the eye bearing against the far side of the pin 
on the axial line of the eye-bar also remained stationsty: and what- _ 
ever distortion was produced in the head by the stress was a move-— 
cae Instead of ¢ comparing the distortion along lines at right angles" Bars 
a4 to themselves, and at right angles and parallel with the axial line :- 
of the eye-bar, the writer is of the opinion that the distortion is i 
more accurately shown by lines drawn more nearly approaching 
e “ines of pull,” namely, concentric around far end of the 
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arsons. pin ‘the of eye as they 
main body of the bar, 
These lines of pull were drawn by the writer on the drawing ~ Aa 
of the « eye-bar before the application of stress and their position : 
transposed by interpolation on the eye-bar after the application 
of stress. This is shown in Plate XXVIII. 
‘The original lines drawn by the author at right angles to the © 
axial line of the eye-bar numbered, and the writer measured 
the distances. on his lines of pull between these numbered lines. 
He also measured the corresponding distance on the eye-bar after 7 
_ the application of stress, and found the difference in length. This 


difference in length measured the 


‘These distortions, expressed in percentages of the length of the ; 


~ measurements on the eye-bar before the application of stress, are 4 


a laid off in Fig. 13, as ordinates from a line, the divisions of which 
represent the numbered lines drawn by the author; they corre- eh 


spond to the numbers shown in Plate XXVIII. 


Fig. 13 the curve, represents the distortions of the line 
of pull marked A in Plate XXVIII; the curves, B, C, D and E, 
_ represent the same for their respective lines of pull. The — 

tion was measured on both sides of the axial line, and the a 


I conded in 13, one with a cross and one with a 


la few: places, especially ‘noticeable where the E,) passes 4 
below the horizontal line, the distance on the eye after the ie : 
- plication of stress was less than the original distance, , thereby n mak- 

ing the ‘distortion | appear to be negative. 


“As these distances were measured along © the lines of pull, this 


 ‘tegetive result is probably due to errors in tracing off the orig- ai) 
econ: lines from the distorted eye-bar, because the resistance of the = 


in the made. at right angles, or approximately 


vel so, to the axial line of the bar, and these _measurements would | 
* naturally become smaller as the pull stretched the metal and made ; 
it flow into a new form, thus diminishing the distances measured __ 
4 transversely, but increasing the distances 


“inally « or along the writer’ lines 0 of 
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on sor side of the center line through the pin, “These my of 
maximum distortion are also drawn 


the prc of the eye, where the line of pull, ZH, makes the greatest F : 
= with the axial line. The second high point occurs on the in- [via 


- Soo. letter) Since the 


tions are more fa favorable than with ether 


Uitimate Elastic out to out of 


53008 


Tables Q and 8 do not contain elastic limits of the 
aa tested. They are here given in agl to fill out the ae ry 
Test No. Elastic limit. Elasticlimit. 
705 


500 
9850000 


81400 
31 2000 


188897 


These are ‘the elastic limits taken on the of the bars. 


be noted that the bars giving the greatest elongations the 


eyes, 105 to 709, all have low elastic > limits, 
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the eye. On the axial line at the far side of the pin, the | 
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4 ei elongation of the pin-holes. The results confirm the previous con- 
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No. 1024, 


=0,032 


2000 Ib. 
24.000 ** 
Tupture =2.518 in, 
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ARS, 
A desire having been meat for the reproduction on of the dia- Mr. Cooper. mG 
grams showing the scribed lines on the bars before and after test- Ed 


two cases are on | ‘Plate XXIX. 


of the movement of the to superimpose the two views so that 
the longitudinal and transverse lines through the center of the 
original pin-holes~ ‘should coincide as nearly as might be. Mr. 
= prefers to have the lines at the back of the pins as the 
‘Seaman has apparently assumed the set of the eyes to be 
“the permanent elongation of the bars. The table of elastic limits fe 
- shows that the bars did not take ‘any permanent set at 12000 Ib. 3 
ye It is altogether probable that, when the body of the bar has as low ‘1 
a unit strain as 12000 lb., some parts of the eye are strained be- = 
«i yond the elastic limit, and a a permanent nt deformation of the 


Mr. Thomson’s account of the action of the connecting wT in 
hen press work confirms a conclusion reached by the writer while _ 
st studying these tests, that there must be cases in delicate mechanism 
where similar distortion would cause trouble. The remedy Mr. 
_ Thomson applied could not be used for bridge pins. A ee ae 
_ The rubber eye-bar test by Mr. Van Buren is very instructive 
in showing the same characteristic deformations as the steel eye- 
bars, While a better shape for the heads of eye-bars could aa 
doubtedly be determined, the facility of manufacturing must be 
For ordinary bars weed only up to the moderate uni 
the usual the e distortions of the eyes are not 


ye done without any increase in the 
Pe It will be seen from Tables 2 and 3 that, with the “exception 0 f. 
the eyes of bars 705 to 707 (all soft bars), no eyes stretched more = : 7 ; 


r 3 in. under strains of 24000 Ib. on the body of the bars. For bars, 
_ therefore, which were not to | be strained above this amount a longi- 
tudinal stretching | of the eyes of 4 in., if properly done, would prob- 
% ably make the bars capable of being worked up to 24000 Ib. per sq. 
in without further stretching of the pin-holes. This” could be 


without the “necessity re-boring the -holes, except to 

ect the length of the bars. But, a as this’ stretching» should be 
, _ done without straining the bodies of the bars, the slight change of 
length due to stretching the holes could cersongid be determined, 
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. As stated by Mr, Van Buren, “The mathematical theory of elas- 
is ticity applied to a diagram of strains in a solid of complex struc- 
ture leads to nothing practical.” But still there is a certain: mental 
satisfaction in forming a general conception as” to the manner in > 
which forces are transferred in such structures. 
. Let Fig. 14 represent an eye-bar end with a circular head cut 
transversely through the center: of the pin-hole by the line, A a. 
The total force acting through + the ] pin is equal to 2P; the width» 


of the bar equals n; with 50% excess, m 75 n; the thick- 


x 

a 


dle t t 

Bach side. of the will be acted 1 upon by ‘the P 
het at points at oe distance, y, from the pin-hole, so that there will ~~ : 

“moments, at A per B will be M — 0.1817 = — 0.8684 


q 
q 
| 

@ 

| 
q 

— 


NEW FACTS apour EYE- BARS. 
where r is the mean radius of the ring. | ‘The fiber strain will be Mr. — 
+ 2. 28 R ,» where Ff is the unit strain on the bar, n, For 10000 © 
ee on 1 the bar, the eng strain will be + 22 800 Tb. , and the direct E. 
e— or there e be on. the inside of the 

a ring ¢ a tension of 29 467 Ib. and on the outside a compression - 


ee ‘This is entirely Page supposition of perfect clasticity, and 


. This illustration is given solely to show the general conditions 
of the strains, and the difficulty and uselessness of any full investi- 
gation: theory, when the assumptions have to be constantly 
eo" for new and undetermined conditions, = 
When we consider the bending moments, which are so important B 
as affecting the strength of the eye, it will be seen that thickening — 
eyes may not produce the best distribution of the metal. = 
: In reply to Mr. Moulton, it “may be said that, as the stretch of 
-f — eyes would be the same for long or short bars, the difference __ 
of strain on a set of short bars would be much greater, as the _ 
a ratio to the elastic elongation. The 


does claim that they will apply 


The | w writer would Tefer those in this” ‘subject to his 


ate ‘Himes says “if steel must be deformed, it is well known | 
se: the softer grades are safer.” But if we do not want the steel Po 
to deform ‘except elastically, the higher r grades are better, 
 & xperience for a number of years in the use of that grade a 5 
known as ‘ “medium” has shown that it is 
of standing without | injury all the deformations of the manufac- 
 _—- processes. The present tests have | convinced the writer that 7 
such steel is also far better fitted to resist the stretching of the 
eyes in the finished structure than the lower grades. ai tec ae 
In the struggle to get one uniform specification for ett 


| 


: 


steel, the low-grade ‘steel manufacturers have succeeded for the 
= in lowering the standard by getting the most votes. There | 
w vill be no difficulty, however, for the bridge engineer who desires — 
the best material, to get it. 
- Soak For the great structures of the future, the best material must __ 
be used, and any effort of the manufacturers to restrict structural _ 
steel to one — and that the —— one, will be without success. 
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FACTS 
r. Cooper, writer firmly believes that a point has been reached where a 
there is a general acceptance of the future maximum loadings, 
the most suitable forms of structures different cases, and 
unit strains for railroad bridges. 
The creative and experimental stage has many 
pF os in design, proportions, forms of details, and of inferior — 
materials can no longer be ignored. have been heretofore 
hidden or ‘unrecognized, as all deficiencies of past structures have 
been ascribed to the rapidly increasing train loads. Now that | 
3 railroads are building their bridges for the greatest maximum load- 
= it will not redound to the credit of the bridge pagans? to 
accept inferior details, workmanship | or materials, 
has been generally accepted that “medium” steel, 
from 60 000 to | 70000 Ib. ultimate strength, is about as high as 
_ we can go in “carbon” structural steel; that it can be readily ob- 
tained, and that, in proportion to its working capacity, it pon 
Of course, every engineer who has in contemplation structures q 
of great magnitude is hoping for and seeking a higher grade of 
steel, the cost of which will not be prohibitory for the particular 
case. For general structural work and bridges, ‘ ‘medium” steel, 
owing to its cheapness and suitability, will maintain its supremacy. 
5a Tn reference to his remarks about “pin clearances,” “excess of 
et? ” ete., the writer did not intend to convey the idea that they 5 
were ‘without influence on the stretch of the eyes, but that their 
7 ” influence was apparently so small when compared with the greater a 
one of the material and the local st strains, that it was oe REED 
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SOCIETY OF CIVIL | ENGINEERS. 


‘TE in ANN NNUAL CONVENTION AT FRONTENAC, 


THOUSAND ISLANDS, N JUNE 26TH, 1906. 


THE DEVELOPMENT OF WATER SUPPLIE 
Frepenic P. Srearns, Presipent, Am. Soc. Cc. 


In ‘selecting topic the which the Constitution 
requires me to deliver | on this occasion, I have found that there et 
is ‘is ample precedent for speaking on the with which I am 


an n opportunity to speak from my personal experience of the advan- 
tages of “operation engineers and those en engaged along 
other Times of li ed 
er lines o ‘app ie science. 


3 from. written descriptions of the water- works of 
era and from the r remains now to be set seen of the magnificent arches 


a 

im 

| 

I was the more ready to choose this subject because it gives me 

ginning of water-supply engineering. inat 1t was not in its in- = a 


7 _ ADDRESS S ON WATER- -SUPPLY ENGINEERING. 


“Works: for both public water supply and irrigation existed att a 


“Two plenteous fountains the whole prospect ona 


aa through | the gardens leads its streams around, 
Visits each plant, and waters all the ground; 
_ While that in pipes beneath the palace flows, 
And its current on hang town bestows; 


To v 


ae 
The one, and o one the 


in earlier lite and, human nature and 
brain have changed but little since ‘the beginning « of “written his- 


ory, it can hardly be doubted that from the time when people ~ 


- gathered together i in large cities there has been some public method 
of providing the necessary water for "drinking and other “domestic 
pu 


78 In ‘the Middle Ages, and even in the period of the Renaissance, 
a ~ when the fine arts, literature and architecture flourished, the w ater- 


works | engineer, i if he existed, built few if. any works 


Of what may ‘be called water- -works, London 


furnishes earliest example . Before these were built there 

Were, as is often the ease, minor works for bringing water from 

springs: near One of them was completed in the year 


1285, and others from time to t time afterward, and there was ob- 
- tained ata ‘still 1 ater date | a a larger supply by pumping water with 


r from the Thames at London Bridge. 


Hugh Middleton, in the four years from 16 1609 to 1613.. 


obtained from springs near r the River Lea, distant about 2 


“hills and valleys, so that it a ‘total Jength of 38 ‘miles. The 
~ ennal had an inclination of 3 in. per er mile; its width “averaged 18 
ae its depth seldom exceeded 5 ft. The springs failed to fur- = 
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ADDRESS ON WATER- SUPPLY ENGINEERID 


__ nish the required quantity of water, and were supplemented by a 
direct connection with the river. These were very great works for 
a _ those days, when, to quote words written | in 1835, “the science and as 


y +o of civil engineering were very little known. 


i In 1633 London is said to have been well ‘supplied with water 
a ‘from pipes in all streets, a and in nearly every house the rent of a 


which was from to $100 per year, 
‘The water companies had troubles then 1 as well | as now. 

remuneration on for water ‘was farthing a barrel, but 
stated that “notwithstanding ‘such palpable evidence of it 


high and unconscionable rate charged for ‘Their com- 


It is” is also noted d among the troubles of the period that nat persons oe 
living near the open aqueduct used it for bathing. - Under the laws as oP 


in force they could be prosecuted only for trespassing, for 
which: the penalty was transportation. Considerations of humanity 


wn said to have prevented the water companies from prosecuting 
= ~~ 


After London wa was well supplied x with water, 163 years elapsed _ 

before a public water supply worthy of notice “was provided for 
_ any of the larger cities of America. _ The first one to be supplied > 


a was which water was introduced by a water 


te own works, 1 which w were supplied with. pumping » 
Schuylkill River, and were first operated in New York 


The water- works i in seem not well 7 


the ‘Tevenue derived from Philadelphia water- 


os 


| 
— 
| 
| 
| 
about the same time. In all these cities the water was dis- 
ima 
f 4 * s a year, and up to not enough had been realized from water rates ‘eu poe — 
year to pay for the operation of the works. 4 
water supplies of New York and Boston continued to be 
wholly inadequate to the needs of those cities for many years, 


not plenty, and the cities were to upon 
we Ded great enterprises with which they were unfamiliar. After er long” 
delay, however, they 1 proceeded to build permanent works on a 
most liberal ‘scale. New York, | ‘especially, displayed great 
in deciding to build 2 an aqueduct ad miles long, having a capacity 
a. of 80 000 000 gal. p per day, from the Croton River to the « city. This Ya 
work involved the great difficulty | of conveying the water over the nee 
iq Harlem River at a height of more than 100 ft. above its surface. — 
Having ‘once begun the construction ‘modern water- works, 
_ the rapid growth of American cities and the la lavish use and waste 4 
of water have required a very rapid "development: of water-works 
a in all parts of the country, and works of unprecedented | 
7 magnitude are now being undertaken wit with less hesitation than the q 


4 much smaller works of ago. go. The m most notable of these 


Let us now of water-works as a whole, 
_ consider the development of their various parts and the in- 


fluence which water- works engineering has had upon engineering 


z The Romans w were masters ¢ of ‘the on of of building masonry ¢ aque- 


r hydraulics and of levelling which enables us to ‘produce much mo: 


‘The Romans “excavated long tunnels—one_ of them is said to 
have had a length of miles—through which “convey water, 
but these ‘must have to excavate before 


which reference has already been made, 


They had lead pipes, made by folding sheet lead and ‘soldering 
the edges, and used tile an and stone ] Pipes in some instances, 
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water a distance of 100 miles from the 
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h t ti i t very striking. We now build, 
the present time is mot very striking. Wo now build, bow- 
ever, aqueducts of much greater size, and have a knowledge of 
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ADDRESS ON WATER- “SUPPLY ENGINEERING. 455 


‘The ed ate when iron pipes were firs t used for _ Water-works 
uncertain ; there are instances of their use as far back as the mid- 


dle of the eighteenth century, but they did not come me into general 
use until after the beginning of the nineteenth century. 
in 1746 the Chelsea Water Company, of London, laid a 12-in. 


: Ps flanged pipe to a reservoir at Hyde Park, which was taken up <a 


4 relaid in 1791 “in consequence of its joints being perished. An- 
* ‘other pipe laid a few years later i in the Kensington » Gardens was 
~ taken | up in 1819 /on account of incrustations on n the inte rior sur- 
face of the pipe. OA 5- “in. iron pipe was laid to ‘supply wi water 
3 Edinburgh in 1787. - The London companies : changed from m wooden 
pipes, which were in general use, to -cast- et-iron pipes, between the 
< Mr. Thomas Simpson, the engineer of the Chelsea Water-Works, 
of London, designed the first bell: spigot pipes, about the 
_ year 1785, and at ‘that: time laid a few lengths of this | pipe with | 


CC in 1804 laid about three-fourths of a mile of iron 
pipe as an experiment, and i 


2 with bells, similar to those now 


England. 


It is of interest note as as 1810 15-in. 

“eas ast- -iron_ main with ball and socket joints at ‘intervals was = 

~ across the River Clyde 1 to supply | water to a portion of Gleave. 7. 
trench was first dredged in the bed of the river, then the pipes, 

attached ‘to wooden frames, were connected on land on one side of 


the river, cand subsequently ly dragged a across 3 it unt on one end reached B 


‘The for the. of ‘this ‘siphon i is due to the ce 
= James Watt, the inventor the steam engine, who, for s¢ some 
— patent ‘Steam Engine” was erected by the New cher 
Gono yany, of London, in 1787, and it is possible, though not prob- hes. 
e, that ‘this was the of steam f for ‘Pumping 


ved The | "steam engines used for pumping water fo Ph 


-phia, in 1801, were unique 1e machines, as the walking- fly- 


a — 
| 
in use. These pipes were imported 
— 
a 
| 
| 


= 


connecting-rods, and even the cold- pumps, were 


of wood. indicating the difficulty of constructing such 
id - chines i in this country at that time, it is s said that the 1 main steam a 


eylinder of one of the engines cast in o parts, and that 


nearly four ‘months ¥ were ere ovcupied in boring it ou out fit for use. The 
boilers were wooden boxes bolted and braced on on the outsidé. “The 
- fire- ‘box i inside the boiler was of wrought i iron, with vertical flues of ‘si 


ao a here has been a very great advance in steam-engine practice a; 


: since those early days, and the water- works pumping engine, which — 
has been dove eloped by some of our most t able mechanical | engineers, 


the time, n in advane ance of other steam | 


« 


wall, wer were the most efficient machines then in. use, , this 
obtained by a ‘system of co- operation and nearly 


tests, the results ¢ of which were "published monthly. 
triple-expansion water-wo -works: ‘pumping: engine of the pres- 


3 day i is a very perfect and smooth- -running machine, which, with iy 
ewe degree of economy, may lift a sufficient quantity of water to. 


tof dam building t ‘the ex engineers of water supply and of 


irrigation: have been rivals for many years. In India, and in re- 
¥ nt years in the | arid lands of f our own Co ntry, the irrigation en 


<a 
have designing and constructing great of ma 4 


gonry of earth, Up to the present time, however, the wa 


+ 
supply engineers: have created the greater works. 


aS The » New: Croton Dam, completed within the © current t year, with q 


. is the greatest of f masonry dams, although the “mass of “masonry ie 


is in 1 comparison with that of the Great Pyramid. 
San Leandro Dam of the Contra” Costa Water ‘Company, 
which supplies Oakland and other cities near San Francisco with 
water, is the highest of existing earth dams. Tt is an 


feature that this as. ® three notable connected 


— 
— 
— | 
— 
q 
hat fora 
time some of the Cornish engines. used in the mines in Corn- 
— | 
» 
1 
4 
— 
— 
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shaken by the eafthquake of April 18th, 1906, when 
under full water pressure, without any serious result. 
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ADDRESS ON WATE 


gr those just mentioned been designed ile 
Py 


of sufficient strength to withstand safely the tests of “practical 
‘use, the theory of the | design of both masonry ry and earth dams i 


only imperfectly understood. rules given in the textbooks for 
designing masonry dams do not take account of some important 


for affecting their stability, most of. which are the result of 


temperature changes. | + Several of the ‘more recent failures of ma- 


dams, most of them on southern rivers, without doubt 
be traced to the neglect of the effect of for rees W which are not suf- 
Experiments made “during the last years. to determine 
laws governing the filtration of of water 1 through sar sand and soils 
rious kinds have furnished much additional information for 


in designing earth dams, and it has” been found that, 


T here are some water-supply features which are not ¢ creditable 


to. the people. irst, the ‘great waste of water which 


in most of our cities, and second, the» taking of water 
Se from polluted rivers without either filtration or “a storage. 


eonceded. by nearly all 
efficient means s for diminishing the waste of water. ‘The re- 


cent: action by government: of one of our larger « cities empha- 


errs “expressed view w that w water should be as free as air, and > 


on senitary grounds it is: well to. ‘Testrict but no 


or. ra 1 defective “pall: -cock. 


Experience shows s that m meters prevent do 
ent the use of as much water as is required foi for sanitation. Waste 


not ly adds greatly to ‘the difficulty and exp expense e of 
4 sufficient water supply, and | requires the expenditure of money cme x 
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158 «ADDRESS ON WATER-SUPPLY EN GINEERING, 
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works: engineers ; those connected with water- works manage- 4 
that the general application of water meters is desirable, 
and the > public and the governing bodies of ‘our cities will in time 
become educated so that they will accept this view. 
_ While’ I have said that the taking of water directly from pol- oa 


Juted rivers is not creditable to the American People, I should add 
that» ‘under the leadership of ‘the « engineers ‘and sanitarians’ of, the 


present ¢ day this disereditable feature is. fast disappearing. 
is also to be : said, as an excuse for the practice years ago when many 


such water systems were inaugurated, that the purity of wat 
mainly from a chemical standpoint. 


a paper per written by one ‘ten meat ‘prominent water- works 


engineers” of that time: =7 

©The object of filtration is to remove the visible impurities of 

water and render it colorless. * * There is also, 


limited extent, a lessening of the impurity.” 


On the other hand, although the effect of filtration in 
‘af ing water wholesome was not so well known, there was ample prec- 5 
ui edent for filtering river waite, as it. had been practiced in Great 


about the year 1 1811. 1827 there were 


induce ‘Mr. Thomas: Simpzon to a trip investigation, and 
“aj he then visited filtration works in which were said 


filter- beds built in 1829, offers 
_ Probably at no very distant period the desirable practice 7 


While this prophecy have fulfilled in ‘England from 


the time > when was it is spproaching in 
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well plant in America for filtering w 


pee of possessing the principal filtration plant of this kind kind in 


United States for many years. 
The work of the State Board of in 


sr-supply engineering, were 


nization ape this work gives me one sev cpportunites 
aa om my own experience ne of the advantages of co-operation _ 


oe een er ngineers | and those engaged along other li 


Board, by a law passed just ago, was given 
general supervision ¢ of the streams, | water ‘supply and ‘sewage d. dis- 


osal i in Massachusetts, and was r uired t to advise cities ead tow ms 
Po 


to the appropriateness of 80 sources of water supply and the best 


on ater Supply and Sevens. of 


e on many “phases « of these subjects, with w wonderful yee 


tiated the “now classical examin ations and experiments: which 
ened in so great an increase in the “knowledge possessed — 
the water-supply and sewerage engineers of ‘the present day. 


1 this work he was ably supported | by the e Chairman of the Board, 


staff of 
chemi sts, biologists and bacteriologists was ‘engaged, comprising 
as leaders” such men as s the Thomas M. Drown, Professor of 
Chemistry i in the Massachusetts Institute of Technology, and af after- 
ward President of Lehigh University, Professor William T. 
4 Sedgwick, of the Massachusetts Institute of Technology; and in the 2 
ranks such men as Allen Hazen and George W. = Members, 


hile this 


the time the Chief Engineer of the Board. 


H. P. Walcott, an eminent | sanitarian. an. The he speaker was at 


— 

469 
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pared by the late James P. Kirkwood, Past-President, Am. Soc, 

q 

< 

shou eave out an important part of the development of water a 
= 

ag 

Spus 

of the Committee 

4 

— ee 

3 fication, cannot 


from stating that the experimental work for the purifica- 


tion of sewage and water was planned and executed unde the p te 


sonal direction of Mr. Mills, who, although serving an unpaid 


board, gave to this work the larger part of his time for several 
= ‘The examinations of the water supplies of the State, with hades om 
pay 
the speaker was more> intimately associated, and the continued 
a. analyses of ‘the waters, proved the great value of the co-operation _ 


engineers, — and as was recog- 
0 parti 

be as fully a ap] 

finding 


8a 


precié 
i ndividuals who ar 


these but with did ‘not “exist twenty 
a years } BO, and that they are available le to- ‘day i in n this country is: to 


Continuing with of the co- operation. of engineers 
Le a ‘those in other branches ¢ of applied science, I wish to express 4 


toa 
nations at the : surface of the ground, with the assistance of only : a 


limited number of borings, with a a high degree of. 
ed in different parts | of 


skilled geologist, who, from extended exar exami- 


several ‘aqueduct ‘tunnels; who, boring operations as 
: 


- sisted by his advice as to the best method of obtaining t trustworthy 


samples of the material penetrated, and who, by painstaking work 


wee 


“a and the resources of the geologist, interpreted | the results of Fsome 
important borings m more accurately than they could have been in- 


ie is perhaps unnecessary to refer to the importance of con- ae 


, ‘sulting a an architect when important buildings are to be erected, be- 
cause it is ‘now the general rule to do so, there are “more 


tions to the ‘rule ‘than there should be. 
is less « common for engineers to consult a landscape 
tect, « as many have faith in their ability to produce pleasing re- 


sults wit with | h geometrical forms. The results ‘such co- 
“satisfactory, as 
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VW ATER-SUPPLY ENGINEERING, 
ear ‘carrying of a landscape architect’s plan, made before beginning 


work, has resulted i in pleas acing effects at little “additional cost, and 
co-operation of this 


will refer at some length | ‘to the results of -co-opera 


with the construction of distributing reser- 


Plates XXX XXXII nn more clearly than | words alone 
of the effects by the landseape architect’ design. 
Plate. XXX shows a highway along the northeasterly 
a distributing rese rvoir having ar an area of 300 acres, hich was 


sing it 9 ft. above its Seare 


formed by deepening a ‘natural pond and 
original level. highway “before: it raised had much less 
pleasing lines than it was laid out in nearly straight 
stretches, and on the water ‘side the bank sloped directly down- 
i) 
ward from the ‘guard fence at side the ‘roadway. In the 
executed v work, the roadway was laid out on easy curves, was kept 
further from the water, and uniformity of lines and material were 
“4 


ie XXXI shows the landscape treatment where a1 another high- 
C a shall ow arm of this re 


‘embankment would heave. undesirable 

even if if deepened, it was left for park ‘purposes, and entirely shut a 
3 from the reservoir, which : is son the right of the embankment. 

advantages of ‘this landscape e treatment over a formal tre 

ment with an embankment having a aniforne. section, steep slopes. 

Plates XXXII and XXXIM show two of the dams of an 

‘reservoir, hav ing an area of | 8 pans located near the 

of elevated land where Nature had 

y alled basin requiring only five dams 1s to ne the gaps | between | these ‘ae 


ak 
walls, ‘All of this reservoir were treated 80 as to give nat- = 


pe. and to of the amount of sur- 
ial excavated from the 1 reservoir, a a hill as high as 8 any of 


the surr ing land w was “created. Buried in this hill is con- 
rete _core-wall extending to a rock foundation, with a rolled e 


bankment of selected earth on both sides of it. In looking at this 
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The relative adv antages of of municipal and private ownership of 


publie u utilities is a live question in municipal circles at the present 


time, and in the discussion of this subject water ‘supplies: 


the most valuable object lessons. 
In the days of Greece and Rome, the aqueducts and works» 


were built by the kings a and em ‘emperors, and ‘operated ‘under their 


direction. The question of municipal ownership arose in in more 
= q modern times, when the municipalities became wealthy and to a 


_ The Hampstead Heath Water Supply, for a portion | of London, — 4 
was built by the municipality and finished i in 1590, but a about one 


al hundred years after, in 1692, it is recorded that the 
4 owned water supplies taken from sources within 5 miles of London = 


pee 
sold to the Hampstead “Water Company. “After this gale 


‘tan Water “System of ‘Massachusetts, are located in a 


London wi supplied by private companies until 1904, when all 


a é the immense works for supplying water to that city were again iq 


Ameri ca | the -works of ‘Philadelphia w we were mu Fon 


ton were by private companies. 
oy ‘There has been for a long period of years a movemen ot — war 


the municipal ownership of Water supplies, and most of the 
‘water- works in America and in Europe are so owned. The 1 mu- 
nicipally owned ‘water- as a mows in all 


In this: count of 


“covering both water supply as a ma in some of its more 4 


a I have found it ‘necessary to call your attention to the great 
waste | of water as one of the discreditable features | of American q 


water supplies, but I have indicated that the for 
this lies wi 


he 


‘3 a ir it is somewhat difficult to realize that it is not a natural = 
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on panel the en engineer has had oce occasion to build works of ung silane. 


| 
i 
| 


cite a) result of the great waste o 


dented “magnitude, he has built dams, aqueducts” and other 


water- works str structures 80 well that there have been few ‘feilares 
to record. has installed | pumping engines es which are re unexeelled 
in efficiency and capacity, and the works built, as a rule, have —" _ x 


ee municipal a as well as under private 7 


The | ‘quality. of the water supply many A American cities | 


een far below the proper standard, , but improvements, have been 
- effected so rapidly within the past few ye w years that it can be c con- 
- fidently claimed that under the leadership of the the engineer and s sani- 


_tarian a \ high ‘etandard | in this respect will soon be reached. 
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MEMOIR OF ANTHONY HOUGHTALING 1 


MEMOIRS OF DECEASED MEMBERS. _ 


Y HOUGHTALING | BLAISDELL, M. Am, _ 


Diep SEPTEMBER ora, 1905. 
Houghtaling Blaisdell was at 
a County, New York, on December 23d, 1848. He had some of the 
a o best Dutch blood in the country in his veins. On his mother’s side 
he was descended from Colonel Anthony Fan: Bergen (an officer in 


the Revolutionary War) and on his father’s side from Levi Blais-— . 


4h ' dell, of Amesbury, Mass., who entered the Revolutionary Army at = 4 


_ sixteen years of age as Ensign, and who, at the close of the war, 
settled in Coeymans, where his descendants still possess a part of — 
the old land grant from Charles I. 
Mr Blaisdell entered Rensselaer Polytechnic Institute, at Troy, 
~ New York, at the age of eighteen, and was graduated therefrom so 


high standing in the class of 1870. In September of that year he 


entered the service of the United States in the Engineer Depart- | % 


4 ment, with which, to a greater or less extent, he was identified ee a 


all his” subsequent career. His wi work was largely upon the Missis- 

- gsippi and its tributaries, and, during the greater portion of the 
time, his headquarters were in St. Louis, Missouri, He rendered _ 

" important service upon the construction of the Des Moines Rapids 

Canal, and surveyed and | helped carry on improvements on “several 

inland rivers. west: of the Mississippi. In particular, he was con- 
nected for many years with the improvement of the Missouri Cag 
and its important tributary, the Osage. 
Blaisdell was an expert boat builder, skilled in 

_ ironwork of snagboats and other craft connected with river improve-_ 
ment w work, and sev veral of these important boats were built from sti 
ay During the greater part of his service with the Government he 
Was the Principal Assistant of Colonel Charles R. Suter, Corps of — 

_ Engineers, U. Ss. A. He also served with Colonel Amos Stickney, 


and to a less extent with other officers of the Corps of Engineers. i 


In 1879 Mr. Blaisdell went into the private business of boat _ 4 


oh building in St. Louis, under the firm name of Allen and Blaisdell, | 
~ and continued in this business until 1885. Owing to various causes, — 
this undertaking did not prove successful, and Mr. Blaisdell Te- 
re turned to the Government service in the latter year. . While en- 
_ gaged in private business Mr, Blaisdell was a most active and useful — 
. citizen in both educational and philanthropic lines, serving for three 
years on the St. Louis Board of Education and 
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man of absolute truthfulness integslty. of an 
and industrious worker, loyal to his superiors, and, all in all, one of io 
_ those men who make it possible for their employers to eccomplish 
a work, © Sincerity marked every act of his life. He was 


not an ambitious man, in the sense of endeavoring to reach beyond ~ 
the positions which seemed naturally to fall to his lot, and, whether — 
or not his situation promised him advancement, it made no differ- 


employers, and was never lacking a position in the Government = 
services as long as his health permitted him to retain one. pe ee: 
In 1878 Mr. Blaisdell married Miss Mary McConnell, of Chicago, 
who still survives him. _ This union was blest with two children, oi 
one of whom, Mr. Robert Van Bergen Blaisdell, survives him. 
Owing to declining health Mr. Blaisdell left the Government 
service in 1903 and returned to the | parental estate at Coeymans, 
; where he died in 1905, in the house in which he was born. - 
ae Mr. Blaisdell was elected a member of the American Society of 


i} 


his accurate and organizing min — 
small to be carefull and organizing mind, no detail bei 

| y weighed and its value determi ail being too + 
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Pig 
OF DAVID “MAXSON GREENE. 
. Am. Soc. 
Diep NovemBer 9TH, 1905. 
David Maxson Greene was born i in County, 
| New York, on July 8th, 1832, and was the eldest son of Joseph 
_ Langford and Susanna Maxson Greene. His father was a native 
of Berlin, Rensselaer County, New York, and a descendant of Sur- 
 geon John Greene, a purchaser, with Roger ‘Williams, of Indian 
lands at Providence, Rhode Island. The Rev. John Maxson was a a 
_ maternal ancestor, born in 1638 at Newport, Rhode Island, the first © 
oe _ white child born in the Colony of Rhode Island. ea 
«In 1835, his parents moved to Adams, Jefferson County, where he 
received his early education in the district schools and at Adams — 
Seminary. In 1850 he entered the Rensselaer Polytechnic <= 


tute, where, by great industry, he completed a three-year course in 


one year, being graduated in 1851 with the degree of Civil Engineer. 
He was an instructor at the Institute during the following year, and, 

_ later, was appointed to a subordinate position in the State Engineer- ca sz 

ing Corps, then engaged in enlarging the Erie Canal. In 1853 Ree = 


—: to Ohio and was engaged on a survey of the Cleveland, Lorain a 
— and Wheeling Railroad. The following spring he went to Indiana, - 
Where he had of a a division of the and Northern 


eount of ill 1855 he was an Instructor in Rail-. 
a road Surveying at the Rensselaer Polytechnic Institute, and was 
_ shortly afterward elected Professor of Geodesy and Topographical 
Drawing. In the spring of 1856 he was sent to West Point, and took 
a special course in topographical ae under General Thomas 
He continued to to hold the vite’ in Troy until 1861, when 
he applied for and obtained admission to the United States Navy : at 
8 $750 a year, although he had a flattering offer of many times that 
A amount from the Peruvian Government. He was attached to the 
“4 United States Frigate Susquehanna, and participated in the attack - 
and capture of the forts at Port Royal and Hatteras Inlet. He w AS 
i pnd | in blockade duty off the Atlantic Coast and in the Gulf of 
_ Mexico. In September, 1862, he was detached from the . ae 
hanna, and ordered to the United States Academy at Newport, Rhode > 
~“Tsland, as Assistant Professor of Natural and Experimental Phil- 
-osophy and Instructor in Steam . Engineering. In 1865 , at his re- 
~ quest, he was detailed for duty | as Assistant to the Chief of the 
Bureau of Steam | in the at Wash 
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MEMOIR OF DAVID GREENE, 
_ ington, D.C. For three years he was engaged in planning wi con- — 
_ ducting experiments on the physics of steam, and early in 1868 he — 7 
_ was appointed a member of the Treasury Commission to examine 
and test the devices for determining the product of the distilleries — 
of the country. This commission came to be known as the “Whisky - 
Commission - In the spring of the same year he entered the service — 
_ of the City of Albany, as Chief Assistant Engineer in charge of oP 
_ surveys for the extension of the water-works. In February, 1869, he iy 
was detailed as First Assistant Engineer in charge of the United © 
States Steamship Narragansett, for a cruise in the West Indies, but fates 
yellow fever broke out in May, : and the ship was sent back into a 
northern waters and detained in quarantine at the Isle of Shoals, tae 
near Portsmouth, New Hampshire, for two weeks. In September, | 
he was detailed as First Assistant Engineer in charge of the Frolic, —_- 
the Port Admiral’s vessel, in New York Harbor. He reported for a 
_ duty, and at the same time tendered his | resignation from the naval 
__He then returned to Troy and engaged in the general practice of bie © 
his profession. Early in 1870 he was employed to examine the 
Ottawa River, and Teport to the Canadian Parliament on the prob- 


_- Ottawa. In 1871 he examined plans for a water supply for the _ 
— City of | Troy, and advocated the pumping system, which, after a — 
———-, extending over several years, was finally adopted. About 
this time he was elected Engineer of the New York State Commis- 
‘sion to test devices to substitute steam for animal power on the 
canals. In January, 1874, he was appointed Engineer in charge — 
of the Eastern Division of the State Canals. ih July of the same 
es he was appointed Deputy State Engineer,.in which office he _ 
4 continued 1 until 1877, when he again returned to Troy and resumed 
general” engineering practice. August, 1878, he was elected 
Director of the Rensselaer Polytechnic Institute, a position which 
- held for thirteen years, resigning in 1891. During that period 
_he was engaged in a general engineering extending through 
eleven different States, the District of Columbia and Canada. : 


_ 1879 and 1880, , he was Chief Engineer | of the Troy water- -works a 
= tension. He had a wide experience as an expert witness on hydraulic 


ses steam engineering in the Courts. — He was a School Commis 
gioner of Troy from 1873 to 1876. 


was the author of the ag books: “Notes on Steam 
Engineering” (1886); “Method of Laying out Curves on 
_ Railroads” (1891) ; “The Fly Wheel as a Regulator” (1890) ; “Manu- 


seript Notes on Map Projections;” “Practical Hydraulics’ 
“Railroad Notes for the Use ‘Stadente. 


It is interesting to note that many of the Japan e students in in 
oat 
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oF ‘DAVID GREENE. 


who were graduated from the Renss' selacr Polytechnic 
Institute and who have since risen to places of importance in their 
own country, remember with gratitude their association with Pro- 
_ fessor Greene, and have personally expressed the their appreciation when | 
Professor | Greene was a Member of the American Society of 
‘Naval Engineers, the New England Society of Naval Engineers, = 
the Society of Naval Architects and Marine Engineers, the Ameri- 
_ ean Association for the Advancement of Science, the International a 
°i Association of Navigation, a Fellow of the National Geographical — 
Society, a Member of the Society of the Founders and Patriots of 
oe the United States, Sons of the American Revolution, Military Gul “ 
of the Loyal Legion of the United States, Naval Order of the United _ 
= States, Post John A. Griswold, G. A. R., the Army and Navy Club :4 
New York City, and the Ionic Club of Troy; he was also a Mason, — 
_. of the 32d degree. _ He was a member of General Joseph B. Carr’s ~ 
4 staff, with the rank of Colonel 
_He was married New Y York, J anuary 31st, 1855, to 
Maris N. Skinner, a daughter of the late Hon. Calvin Skinner, of 
Adams, who still survives him. His home in Troy was at 41 First 
_ Street, but he died at his summer anes in Adams, New York, on 


a «i Professor Greene was essentially an ¢ an engineer. ‘Hel lived in an 


4 
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4 patient of carelessness and unfaithfulness, his name became 
synonym for accuracy and reliability, and he was a strict disci- 
_ plinarian. _ He possessed a strong character, was a scientific worker, . 
and, among his associates, a genial gentleman. 
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- 4 subjects, and he kept well abreast of the age in which he lived. Im : 
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MEMOIR OF GABRIEL ‘LEVERICH 


Gabriel Leverich 1s born on a miles from. 

4 Elmira, New ‘York, on August 19th, 1834. He was the son of 
Samuel and Sarah Leverich, for many years residents of New 
In his early years he attended what was then called the District _ 
—— @ublie) school in the vicinity, where he excelled in all his studies. 

_ His taste seemed to be decidedly for mechanical work, _— 

a among his 3 early inventions were a hay- rake, much like the one now _ 

3% generally used ; a hay-fork for use by horse power, and other in- 


% Two intimate friends and near neighbors, of about his own age, 


were graduates of the Rensselaer Polytechnic Institute, and this led — 7 
him also to attend the institute, from watch be was graduated in = bees 
first engagement, after graduation, wes the Trenton Loco- 
motive Works, where machinery for the manufacture of small arms 
i about to be introduced. In this connection he spent some time — ‘ 
at the works near Springfield, Massachusetts, obtaining data from 
_ which he designed and constructed the necessary tools. es ed a 
At this time Mr. Wiard was at Trenton, engaged in the con- _ 
of heavy ordnance embodying proposed improvements, 
and Mr. Leverich became interested in the Inatter. at a 


‘ment with which we are now so familiar. 
i _ Other enterprises with which he was intimately connected se 
7 ‘the design and construction of apparatus for the destructive dis- ee 

a tillation of wood, in which all the products were saved; also, of 

De 4 machinery for the manufacture of fuel briquettes, by the compres- _ 
sion of peat; of improvements in the propulsion of tram cars. 


‘Civil Replace on July 6th, 1870, and from 1872 to 1877, ‘dint, 
; 4 served as Secretary of the Society. In these trying years of a 


a 
‘ 


Society’s history, while nominally receiving a fair salary, he spent 
a considerable proportion of it in paying ‘expenses which he deemed 
essential for its advancement, and for which the income was in- 


. sufficient. Only his most intimate friends knew of this, however. _ a + 
“SMemotr prepared by Francis Collingwood, M. Am. Soc. C. E. 
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MEMOIR OF GABRIEL LEVERICH. 
aed ‘His services upon the first East River Bridge iia when the 


Spproaches were under construction. He was responsible for the 


complexities’ of construction were very. ‘considerable. He took 
an important part, also, in the design of the New York station; and 


“have more than doubled the carrying capacity of the beides. 
_ The rapid growth of traffic made it necessary also to improve the 
a apparatus for propelling the cars on the bridge and increase its — 


_&k of mechanical devices, and of the principles of mechanics; 


; and the machinery is a model of ingenuity and effectiveness. This < 
; 7 - apparatus is described in a paper by him in Vol. XVIII of the 7 

4 _ Transactions of the Society. He contributed several other papers 
discussions to the Transactions. All are noted for their clear- 


 -—He died at the age of 71, having been an invalid for about six 


“years, leaving a widow and a married daughter. 


a. ‘Mr. Leverich was bright and cheerful in disposition, and a good Loa 
gonversationalist. He was generous ta a fault, and often, to his 
own detriment, helped others. He kept fully posted in all pro- 


early life he joined the Church, and was always 


interested in its” 
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. de ames MacN aughton was born on January 6th, 1851, in ro 
- New York, and died on December 29th, 1905, in New York City. 
He was the son of Dr. James MacN aughton, Dean of the Faculty of — 
the Albany Medical College, 
be His early education was received at the Albany Boys’ Academy, — 


College, and was with honors from the classical depart- 
43 ment in July, 1871. While there he paid particular attention to the — 
4 study of mathematics, and had conferred upon him the second 
a senior mathematical prize of his class. 
ae _ After graduation he accompanied Professor Marsh as a 2 member 
of his’ party on a geological exploration in Kansas, | 


chemistry ‘and other scientific branches at the 
College. 1873 he entered the Rensselaer Polytechnic Institute, 
sand wart a special course in technical engineering subjects for | 
“an In 1875, immediately after leaving the Rensselaer Polytechnic 


on on surveys for the new aqueduct for New York Ci. He was en- 
gaged in the ‘field, and also on the office work in connection with 
Bt oy this survey, and remained with the party until the completion of a. ‘A 
ie. maps, estimates, etc., in the fall of the next year. — te lene 
In April, 1876, he was appointed Rodman in the Department of 
- Public Works, New York City, in connection with the construction — 
q “" of the new storage reservoir near Brewster, New York. Soon after 
his appointment to this position, he was made Leveler on the same 
Ee work, and was thus engaged for about a year andahalf§ 

i ae In the autumn of 1877, he was promoted to be an Assistant in 
charge ¢ of the surveys for the location of a new storage reservoir, | 

- east of Brewster Station, but in the latter part of December, 1877, — 

_ he resigned and returned to Albany, where he took charge of super- 3 
‘intending and getting out the plans for the Hotel Kenmore, in ihe 
‘Albany. ‘He had charge of this work as Superintending Engineer 
of construction, and i in January, 1879, as soon as the work was com- ee 

#5 he went abroad, and for four months was engaged in pone he Tan 


in the Ecole des Ponts et Chaussées, at 
ly 


He returned to the United States in October, 1879, and sh short 
prepared b 
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OF JAMES 


allies was engaged as Assistant Engineer on the W West Ghove 


e In 1885 he was — an engineer on an expedition sent out 
and surveys on the Hudson Bay ‘Coast. 
Mr. MacN aughton was a member of the "Association for the uh 
of the Adirondacks, and took interest in the 
development of the forests and the cutting of timber from large — 
tracts of land. In 1903 he took a course at the Yale Forestry a 
-—He was elected a Member of the American Institute of Mining ~ 
- Engineers i in 1890. _ The late President Blanco of Venezuela deco- 


engineering enterprises. He was a Member of the New York na 

of Trade and Transportation of New York City. 
Just prior to his death, he did much to develop the 
; oof Ferro- Titanium on a commercial basis, having been President of # _ 


and manufectured Ferro-Titanium for the market. He 
much recognition for his work in this line, both in the 

United States and abroad, and it is entirely due to his efforts that — 

: the use of this alloy has been made possible from a commercial stand- 

point. He was also President the MacIntyre Iron ‘Company at 


‘Club, of Essex New York, the F oat Orange Club, 
the Albany Country Club, of Albany, New York. 
& It is to be particularly noted that both in his business inating: 

tions, and in the societies and clubs of which he was a member, he > 

was always conspicuous for his dignified bearing and courteous treat- 
ment of all who came in contact with him, and especially those 
‘ea While his loss to his friends is great, his loss to the scientific 7 
world is even greater, for he was engaged in the development of _ 

. properties and industries of which his knowledge was 80 complete, 
and for which he had done so muc 
‘fill his place. ‘His death is mourned by all who knew him or who 
- came in contact with him, either as a friend or as a citizen. ly a 
Mr. MacNaughton was elected a Member of the . American So- 
ciety of ‘Civil Engineers on 1880. 
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MEMOIR OF WILLIAM MARSHALL REES, 
MARSHALL ‘BEES, ¥. Am. Soe. C. E. 


‘William Marshall Rees was het: at Stroudsburg, Pennsylvania, a. 
al on December 24th, 1851, and died at Memphis, Tennessee, on De- 

He was graduated from Lehigh University in 1874 at the head — 
his class. Almost immediately after graduation Mr. Rees 
¥ with the East Sugar Loaf Colliery, of Stockton, Pennsylvania, a 


= , he left Hazleton, to engage in railroad and = 
mining work. 1877-78 he located and constructed the 
Stroudsburg and Bethlehem Railroad. During the same time he 
| was Mining Engineer for G. B. Linderman and General Manager aa 
In December, 1878, Mr. Rees left his native State to go south and 
engage in Government work on the Mississippi River under the — . 
a: Mississippi River Commission, being attracted b by the high scientific 


—-:During the first three years | | of his Government service, he was 


on surveys, examinations, gauging the river and gathering 

other data on which to base plans for its improvement. During 1881 
he was: engaged in constructing snagboats to be operated on Red 
River. | . In 1882 he went with the Pratt Coal and Coke Company, of 
Birmingham, Alabama, as Superintendent. In 1888 he returned = 
to the Government service on the Mississippi River and, as Frineipel 
Assistant Engineer, had charge of all channel work in the First © 
and Second Districts. During. his Government service he designed — 

and constructed various floating plants used in connection vith 

In the latter part of 1889 Mr. ‘Rees went t with the Sanitary Dis 
triet of Chicago as Assistant Chief Engineer. Upon the resignation 
the Chief Engineer, L. E. Cooley, M. Am. Soe. E., Mr. Rees 
also resigned. He then returned to his old position in the Govern- 
A ment service, where he remained until his death, the result of in- 

% juries received in the performance of duty, 
Du uring his different engagements Mr. ‘ee did a good deal ot 
expert work, being eagerly sought by those | desiring such advice, 

_ which he was eminently fitted to give. He was a man of broad 
— education, and possessed a wonderful fund of information in all 


*Memoir prepared: by W. M. Gardner, M. Am. Soc. C. E. 


ssistant Superintendent and Engineer, and remained with them 

in that capacity until July, 1875, when he left to accept the position 
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branches of the which he was ever -Teady to impart to 


many kindnesses received doom the helping hand so ex- 


Mr. Rees was” a Charter Member and Past- President of the 
- Memphis Engineering Society. He was elected a Member of the 
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ARCHER COCHRAN STITES, M. Am. Soe. 


‘Diep August 277TH, 

te Archer Cochran Stites was born at Middleton, Delaware, on April 
99d, 1863, and resided there until the autumn of 1883, when he-en- 
tered the class of ’87 at the Rensselaer — Polytechnic Institute, of — 

- Troy, New York. He was graduated with his class in June, 1887, 
and went at once to Kansas City, Missouri, to enter the employ of 
Mr. John W. Nier, hydraulic and mechanical engineer. ‘olisediheeal te 

reat After spending | a few months in Mr. Nier’s office, he etna me 
- 4 ‘that of J. A. L. Waddell, M. Am. Soc. C. E., who was then repre- — 

_ senting The Phenix Bridge Company and the Phenix Iron Com- — 
pany in that portion of the United States lying west of the Missis- = 
_—-sippi River, and at the same time was establishing a practice as 
Consulting Bridge Engineer. Mr. Stites remained in this position 

_ for more than four years, or until the summer of 1892, when Mr. 

Waddell resigned both agencies and suggested Mr. Stites as his 

‘successor, his suggestion being accepted. Mr. Stites’ first duty a - 

this new position was to settle the unfinished business relating to 

the completion of the Elevated Railroad in St. Louis, which The 5 7 

Phenix Bridge Company had built for the St. Louis Terminal 

- Railroad Association. In the autumn of 1892 he settled in Chicago, 7 
where for nine. years he represented very successfully The Phenix 
Bridge Company and The Phenix Iron Company. 

a _ At the time he took this new position, the modern office building, ug 

z with its heavy metal framework, was just beginning to be developed, — 
and a number of important structures of this type were soon built. 
_ There were also then several large bridge projects under considera- = - 


ui tion. Mr. Stites secured, for the companies he represented, a num- b rsp — 
ber of these important structures, and, by his conduct of the busi- aa 


In 1901 he > resigned these agencies in ‘ait to enter the employ 
of Joseph T. Ryerson and Son, and to inaugurate for them an en- 
a gineering department with special reference to structural steel 
work, _ For two years he labored unceasingly on this work; but in 
September, 1903, his health failed, and he was forced to go to Ashe- odie 


a ville, North Carolina, to recuperate. From Asheville he went to ee 
other places in the South, reaching Covington, Louisiana, 
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R OF ARCHER STTTEs, 


‘His health improved eo materially at Covington that he ar- 
ranged to re-enter business, with headquarters at New Orleans, 
~ Louisiana, but he was stricken suddenly with malarial fever, and 
% on August 27th, 1905, died at Monteagle, Tennessee. 
7 ‘ay _ Mr. Stites’ acquaintance throughout the Middle West was un- 
fl usually large, for he made lasting friendships easily. His genial, — a 4 
4 kindly nature, overflowing with good fellowship, demanded ‘contact 
- with his fellows at many points, and make him universally popular. — ’ 
_ This characteristic, so attractive to his many friends, was enhanced — = 
_ in his home, where he was a most loving husband and father. __ is : 
‘He represented, to an eminent degree, a type of engineer ll 
<f has been generally recognized only of late years, viz., the ‘Com- 

7 mercial Engineer. While his education and early practice were 
entirely” professional, he soon evinced a decided preference for a 
business side of engineering, and, during the latter half of the four — q 

- or five years that he spent with Mr. vives: a large portion of the 
business of the office fell to his lot. Since 1892 his’ experience hed 

1 4 been mainly in the line of commercial engineering, and in it he was a 
- eminently successful. Had his health held out, and had he lived —- : 
old age, he undoubtedly would have become a financier of 
--_In 1892 Mr. Stites married Miss Louise Sells, daughter of the 

Mr. Luke Sells, of St. Louis. Three children were born of 

— Mr. Stites was elected a Junior of the American Society of Civil “7 
_ Engineers on December 3d, 1890, an Associate Member on November _ D 
a 4th, 1891, and a Member on May 6th, 1896. Hew was also a Member — 


of the Technical = of Chicago, and at one time served as its os 
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MEMOIR OF — BARRIGER, JR. 
JOHN W BARRIGER, Jr., Assoc. . Am. Soe. or 


Diep DEcEMBER 191H, 1903. 


John Walker Barriger, Jr., was born in Washington, D. 
July 20th, 1874. He was the third son of General John Walker 
= Barriger, of the United States Army, and Sarah Frances Wright 


Barriger, and was descended from a distinguished revolutionary 

“a His early education was s conducted in the schools established at _ 

j F the various posts where his father was stationed. Later, he at- é 
tended the High School of St. Louis, and Washington University. 
“am In the early autumn of 1894, when the Terminal Railroad Asso- 
ciation, of St. Louis, was building the new Union Station, part wl 
oe railroad construction and bridge work, he was employed as — 

Assistant to the Resident Engineer on this work, as well as on field aN. 

work and maintenance of of way. 

- _In December, 1895, he was with a party on on the preliminary end 
easton surveys for the Kansas City, Pittsburg and Gulf Railroad, | 
through Louisiana, as rodman, office man and compiler of estimates. _ = 

On the completion of this survey he returned to St. Louis and — . 
resumed the study of engineering, in order to equip himself 


= of the Texas ag of the St. Louis Southwestern Rail- _ ; 
“way, with headquarters at Texarkana, Texas. 
i: In May, 1898, he became Assistant Engineer, and was put in 
= charge of maintenance of way, with an office i in Tyler, 7 

Texas. This position he held until December, 1899. He then went 


O. E., , Chief of the Kansas City, Pittsburg Gulf 
7 a Railroad (later the Kansas City Southern Railway), and had charge 
‘ of the estimates for track, bridge and building work, also masonry 
a In this office he had many and various duties, as many improve- : 
ments in the road were being made. 


— 


4 
7 
| 4 

land line work in the vicinity of St. Louis. = jg 
the completion of his studies, in April, 1897, Mr. Barriger ree 
a 
> 
q 
| 
im 
| 
ny responsibility, entering the employ of the St. Louis, Memphis and sy a Bi 
= "Southeastern Railroad as Bridge Engineer. His duties were the 
7 supervision of the checking of stresses in the bridges to be erected, __ 
q charge of erection, = 

* Memoir prepared from papers on file at the House of 


"es Mr. Barriger’s professional associates esteemed him as a man, and 
recognized, in his steady advance to positions of increasing respon- a = 
_ sibility, the thoroughness and quality of his work. — He was an ac- 
curate and skilful draftsman, and this talent was by no means con- — A 
_ fined to engineering, for he had a keen appreciation of art. — ied 4g 
__His personal character was unselfish, and he was always kindly — 


and considerate for others, 
a He met his death at the hands of a man whom he had befriended. f _ 
___In 1899 he was married to Miss Edith Beck, of St. Louis, who, — _ 
__ Mr. Barriger was elected a Junior of the American Society of “? a 
898, and an Associate Member on 
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OF VAN DUSEN HITE- “SMITH. 


VAN D SEN HITE-SMITH, Assoc. M. Am. Be ve. C. Et 


‘Diep Aveust | 27TH, 1905. 


7 Van Dusen Hite-Smith was born on August 4th, 1874, at ‘bases 


Kentucky, belonged to one of oldest familia of New 


When he was fourteen years ofs age his father failed in 
and it became necessary for him to strike out for himself, and this 


he did, with the courage of a man an of mature years. 


“a road, of Chattanooga, on which he remained for three months. From 
: _ October, 1888, to April, 1893, he was engaged with Messrs. Guild 
and White, Engineers, of Chattanooga, Tennessee, in successive 
grades from Rodman to Resident Engineer. 2 From May to = 
cember, 1893, he was engaged» with the United States Engineer 
Corps on the improvements of the Tennessee River. He then re- 
turned to Messrs. Guild and White, and was engaged as Assistant 
Engineer on | surveys ( of the Lookout Mountain Incline, the tna 
Coal Mines, and on railroad and municipal work. . In 1894 he _ 
superintended the construction of water- works at Cynthiana and 
Late in 1893 he purchased a limestone rock quarry from which 
ihe shipped fluxing material to the Citico Furnace at Chattanooga. 
Realizing his need of a thorough education, Mr. Hite-Smith a vom 
tered the University of Tennessee in 1895, and in 1897 was gradu- = 
ated with honors, being not only the first man in his class, but a». 
_ only man who ever took the engineering comme in that university in — a, a 


After graduation was employed by Messrs. Guild and White 
the construction of water-works at Chester and Union, South 
In July, 1898, he was engaged by the Standard Boiler ah 
-_‘Bride Company, of Bellaire, Ohio, in the construction of —_— 
_ works at Sharpsville, Pennsylvania; and in September, 1898, he took 


with the const zuction of water- at St. Petersburg pe West 
In April, 1900, he formed a partnership with Mr. Frederic Min- 
cs: the firm name Hite-Smith and Minshall, Civil and 
Sanitary Engineers, and up to the time of his death was engaged ~ 
pa as s Consulting Engineer or in the construction of a mena of water- 
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Hite. Smith “more is often done in 80 


4 vigor and did not spare himself in his so to surmount every 
_ obstacle. The great tax which he placed upon his body and mind 


= Hite-Smith was elected an Associate Member of the ‘ids 
ean Society of Civil Engineers on April 30th, 1901. : 
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George ‘Draper Stratton was in ‘New Jersey, on 
- June 5th, 1870. When he was one year old his father moved with — 
« his family to Newburgh, New Y ork, where he was interested in the a 7 
Washington Iron Foundry. On the death of his father, in 1876, 
mother | moved to Riverside, California, with her children 
At the age of 15 he was forced to leave school in order to help | 7 
support his mother and sisters. This he continued to do until his — 


Mr. Stratton used the small share which he ‘Teceived from his 
mother’s estate | in obtaining a college education. entered Stan- 
- ford University in the fall of 1891, with the pioneer class, as a — = : 
_ special student. By hard work he made up his entrance deficiencies, _ J 
and was graduated with honor, in the course in Civil Engineering, 
in May, 189.0 
se He at once commenced the practice of his profession, and, after — 
~ several minor engagements, entered the service of the Southern 
Pacific Railroad Company. He was Assistant Engineer on the 
- Sacramento Division for one year, and was then made Roadmaster 
Marysville. Here his ewe came undermined Wain Di 


“California. He hee six years, or death 
him, on November 21st, 1905. His record as Assistant 
gineer and Assistant Resident Engineer was excellent. 
ad a daughter, four years of age, surv 


was a devoted churchman. Two years before his 
- death he became a vestryman of St. Andrew’s Church, Oskland. 7 
By his beautiful example while occupying that office, he was a 
source of great help to many. Mr. ‘Stratton was a Mason and a 
he was much beloved for his fine characte r and sweet temper. He | 
‘was ever and always the same quiet, even-tempered man, whose ~ a 
sincerity and loyalty were unfailing. The profession has lost in 
him a good engineer; the world, a good man. 
Mr. Stratton was dected an Associate of the Am 
Society of Civil Engineers on October 4th, 1899. 


_ _* Memoir prepared by Charles D. Marx, E. M. Boggs, Members, Am. Soc. C. E., and Y 
¢ R. M. Drake, Assoc. M. Am. Soc. C. E., from information termined by Mrs. Stratton. 
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